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ABSTRACT
Edible insects are a new sustainable protein source compared to meat. Western
consumers show aversion to the prospect of insects as food due to unfamiliarity, food neophobia,
and negative emotions. This dissertation research explored consumers’ emotional perception of
insect-based food product presented under different testing conditions and examined the
influence of other people’s emotional expression towards consumers’ purchase decision. To
identify and rate emotion intensities, tests were conducted using three presenting formats
including text, image, and an actual product; all of which were applied for both cookies
containing insects and without insects. In addition to these presenting formats, news of celebrity
promoting entomophagy and a photo of a packaging of this cookie product were presented along
with six information statements for insect-based food to explore consumers’ willingness-to-try
(WTT), acceptance, and purchase intent. Videos of facial expression with positive-, negative-,
and/or sensation seeking (SSE)- related emotions, which were validated by the manikin scale,
were applied to explore consumers’ emotional response when they tasted insect-containing
cookies, and further analyzed for relationship between consumers’ emotion perception and their
purchase decision. Results confirmed that insect-based food evoked stronger negative emotions
than food without insects. The concept of food containing insects also elicited strong SSE-related
emotions by consumers. Presenting with photos of cookies induced different emotional intensity
between males and females, whereas when presenting an actual cookie, no significant difference
was found between food containing insects and without insects. Acceptance, WTT, and purchase
intent also reached the highest scores when consumers were served with the actual cookie,
followed by presenting with packaging. Information statements of health benefit and
sustainability pertaining to insect consumption significantly increased acceptance, WTT, and
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purchase intent, while specifying an insect name (aka., cricket) and its percentage (5%) in the
cookies decreased them. After being informed of the sustainability benefits of entomophagy,
males rated significantly higher on acceptance scores than females. WTT firmly affected
purchase intent; one unit increase on WTT led to a 65% increase in purchase intent. The SSErelated stimuli elicited the highest arousal intensity among all three emotions. Negative stimuli
caused a significant drop in WTT. In general, males rated higher on liking and purchase intent
than females. Overall, this dissertation demonstrated that different testing conditions along with
different questionnaire formats and gender differences significantly affected consumer
perception toward insect-based food products.
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CHAPTER 1. INTRODUCTION
1.1. Background
The global food demand is expected to be increased around 60 to 70% from current food
requirements by the year 2050, in which meat production will increase to 455 million tons
(Henry et al., 2018). Animal-based production comes with great environmental costs and is
growing rapidly in terms of demand. If the world continues current consumption patterns, a
119% increase in economic crops grown will be needed by 2050 (Berners-Lee et al., 2018).
Also, livestock production and productivity are highly affected by climate, which could produce
5.6 to 7.5 Gt CO2 per year, in which beef and milk production from cattle accounts for 41% and
20%, respectively, of the total emissions, as well as pork and poultry contributing a total of about
9% and 8% (Gerber et al. 2013; Herrero et al., 2016). If we can cut half of the current
consumption of meat and poultry, it would decrease the greenhouse gas emissions by 65% in the
U.K., by 25% to 40% in the European Union and by 51% in the U.S. (Westhoek et al., 2014;
Scarborough et al., 2014; Lamb et al., 2016; Heller & Rose, 2020).
Edible insects provide a possible solution for future food insufficiency, as they have a
great potential for industrial production, based on their high growth rate, high survival rates,
relatively short lifespan, efficient conversion rate, and thrive at a high density (Van Huis et al.,
2013; Gahukar, 2016). The most common species of edible insects include Lepidoptera,
Orthoptera and Coleoptera and Isoptera and Hymenoptera. The overall protein content of edible
insects ranges from 35% to 60% on a dry weight basis and from 10% to 25% on a fresh weight
(Kim et al., 2019; Schluter et al., 2017). At the upper range, protein provided by edible is
comparable to meat and chicken eggs (Kouřimská & Adámková, 2016; Adámková et al.,2017).
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Edible insects from Orthoptera (crickets, grasshoppers, locusts) are extremely rich in
protein; in some species it can reach as high as 70% to 80% of the total weight (Mlček et al.,
2014; Kuntadi et al., 2018; Udomsil et al., 2019). The protein quality of cricket based on some
biochemical and hematological indices of rats was analyzed along with moth caterpillar, termite
and grasshopper by Oibiokpa et al. (2018). Results showed that compared to others, cricket has a
higher amino acid score (0.91) than other insects, as well as a net protein ratio (3.04), a protein
efficiency ratio (1.78) and a biological value (93.02%). Protein, fat acid, dietary fiber extracted
from some edible insect’s species are valuable by-products, as well as chitin, enzyme, vitamins,
minerals, and trace elements in some particular species (Kouřimská & Adámková, 2016; Lange
& Nakamura, 2021). Cricket was also found rich in minerals, especially in Cu (2.334.51mg/100g), Mn (4.1-12.5 mg/100g), and Zn (12.8-21.8mg/100g) (Montowska et al., 2019).
Okamoto et al. (2021) found that cricket products showed a relatively high content of vitamin
B12 at 50-75 µg/100g (dry weight).
Most of the edible insects are wildly harvested; farming only exists on a few species,
including bees, silkworms, and cochineals, whereas termites, flour worms, and crickets are
considered semi-domesticated (Vantomme, 2015). Two species of edible crickets, Acheta
domesticus L., Gryllodes sigillatus, were most studied (Sogari, et al., 2019). The application of
cricket was increased in North America and Europe, in products such as energy bars, pasta, and
chips (Reverberi, 2020).
1.2.Justification
Research related to edible insects has increased rapidly during the last decade; however,
the analytical studies are limited. Edible insect is hard to be adopted in Western countries. Food
neophobia and disgust emotion are two causes of reluctance for Western consumers to try insect-
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based food. Individual differences existed in food neophobia; however, the neophobia is stable
over a lifetime and across different situations for adults (Pliner & Salvy, 2006). A food
neophobia scale with 10 statements (Pliner & Hobden, 1992) has been applied to evaluate novel
food products around the world, and high willingness to try indicates low food neophobia
(Hartmann & Siegrist, 2016; Hartmann et al., 2015; Verbeke, 2015; Jaeger et al., 2017). Food
neophobia towards insect-based food is one of the obstacles to promoting entomophagy.
The emotion of human beings has an influence on their food choice, eating frequency,
and the proportion of meals (Canetti et al., 2002). On the other hand carbohydrate-rich and sweet
food consumption can reduce negative feelings and maintain a good mood (Scholey & Owen,
2013; Flaskerud, 2015; Juodeikiene et al., 2018). However, limited studies were found on
emotion response towards emotion expression stimuli. Factors that influence the relationship
between food and emotion are various, depending on the physiological, psychological,
sociological situations and emotional coping mechanisms (Köster & Moje, 2015; Lagast et al.,
2017; Barrett, 2012). Negative emotion highly affects consumers’ perception of edible insects
(Cunha & Ribeiro, 2019; Schouteten et al., 2016). The Western world considered insects as
“disgust” and inappropriate as a food source, because of the negative image from mosquitos,
flies, termites, ticks and fleas that was related to diseases, sickness, infection and damage (Sewell
& Beauty, 2013; Hamerman, 2016). Besides negative emotion, sensation-seeking traits that may
lead to a willingness to try among the possible early adaptor of edible insects have not been
studied.
To increase the liking and acceptance of edible insects, presenting information regarding
ecological, health, and gastronomic aspects of entomophagy may modify consumer attitudes of
entomophagy (Barsics et al., 2017). Educating consumers with health benefits and sustainability
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and providing possible access to food containing insects to increase familiarity are two
promising ways to promote entomophagy (Köster & Moje, 2015; Van Huis et al., 2013;
Schouteten et al., 2016), but the type of information should be included or avoided have not been
explored. In general, most of the edible insect research focused on either reducing food
neophobia, disgust or improving liking and acceptance. However, no study explored the internal
relationship between these two aspects.
1.3.Objectives
This research’s main objective was to explore the relationship between human emotion,
information acquisition format and edible insect perception. Three phases of studies were
designed to address the main objective.
The first study was conducted to explore male versus female consumers’ emotion
intensity responses toward insect-based cookies under different information formats (text, image
and actual products). The second study examined the impact of information statements and
informed conditions on willingness-to-try, acceptance and purchase intent for the insect-based
cookies. The last phase examined emotional response to other people’s emotional expression,
then further explored the internal relationship between liking, purchase intent toward insectbased food products and emotion perception.
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CHAPTER 2. A REVIEW OF LITERATURE
2.1. Overview of Edible Insect
Insects are used as feed and food with a long history in many countries. Due to its high
nutrients and more environmental-friendly farming and harvesting technology, more attention
was drawn to insect-based food in Western countries. It was considered as one of the possible
solutions to solve the insufficiency of protein in the future as the world’s population is
expanding. However, inadequate knowledge regarding edible insects and the lack of proper
industrial processing methods limited insect protein production. On the other hand,
psychological barriers among consumers, particularly the negative emotions such as disgust,
make it hard to adopt insects as food by the food industry. Sensory attributes that could help
promote insect-based food need to be studied to develop food products containing insects.
2.1.1. Background of Entomophagy
People from the world, especially Asian, African and Latin America, have used insects as
a dietary supplement and functional food for thousands of years (Feng et al., 2018; Bernard &
Womeni, 2017). In the third century B.C., the Chinese emperor’s banquet contained ant egg
sauce, locust pest, bee, and cicada for aristocratic affairs (Yin et al., 2017). Before 2000 B.C.,
Middle East people started to eat desert locusts (Kietzka et al., 2021). Ancient Rome liked to use
the larva of Cossus Orientalis to fatten flour and wine (Evans et al., 2015). There are around 2
billion people consuming insects as food regularly, most of them in the tropical area (Van Huis,
2013). Due to the language barrier and dialect usage among local people, it is impossible to get a
definite number of edible insects on the earth. More than 2300 species of edible insects
inhabiting both aquatic and terrestrial environments were recorded (Jongema, 2017). By
aggregating the major edible insect species in different areas, beetles (Coleoptera) are the most
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consumed insect worldwide, followed by caterpillars (Lepidoptera), wasps, bees, ants
(Hymenoptera), grasshoppers, locusts, and crickets (Orthoptera), and Hemiptera including
termites, dragonflies, and flies (Jongema, 2017; Mitsuhashi, 2016).
In Asian countries, China has the longest history of consuming insects, and their general
acceptance of edible insects is higher compared to Western countries. Taxonomy names of over
300 species of edible insects in 11 orders have been classified in China, most of which are
belonging to Lepidoptera (37.65%), Coleoptera (18.21%) and Hymenoptera (15.43%) (Feng et
al., 2016). Only 10 to 20 species of them are commonly consumed, including several species of
bees and wasps, silkworms, mealworms, locust, cicada, black ant, dragonflies and beetles, and
others are consumed in specific areas or used for traditional medicine (Feng et al., 2018; Feng et
al., 2020). The traditional insect dishes include cicada fries, crispy fried cricket, fried scorpion,
caterpillar fungus duck, and tremella silkworm chrysalis. In recent years, with the recognition of
nutritional benefits and sustainability of edible insects, the application of edible insects in China
has been accelerated. Yin et al. (2017) reported some novel insect-based food products in China,
based on pupa there were beverages with proteolytic enzyme from bee pupa, pupa wine, drone
pupa powder, tussah pupa protein drink; based on silkworm there were soy sauce from silkworm
chrysalis, bread cake with silkworm chrysalis protein, oil from silkworm moth and others such as
royal jelly capsules, amino acid drink from caterpillar protein, and medicine supplement
extracted from ants to treat tracheitis, active chronic gastritis, dysmenorrhea, and
psychoneurosis. Artificial farming techniques are well-developed for bees, silkworms,
mealworms and locusts in China, while the majority of edible insects are still wild harvested
(Feng et al., 2020).
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Around ten ethnics in India consume edible insects, adding up to a total of 255 species of
edible insects (Chakravorty, 2014). The most common edible insects in India are Coleopteran
species (34%) which is preferred by Indigenous communities in the northeast, followed by
Orthoptera (24%), Hemiptera (17%), Hymanoptera (10%) and Odonatae (8%) (Sangma et al.,
2016). Most of the edible insects in India are collected from nature, but silkworm is the one
species farming on a commercial scale. However, most of the silkworms are used for cocoon
products. Only in some northeast regions, silkworm larvae and their pupae are consumed as a
food source (Gahukar, 2018).
Over 150 species of edible insects from eight insect orders are consumed by the
Northeast Thai (Durst et al., 2010; Hanboonsong et al., 2013). The insect-farming industry has
been introduced to Thailand for almost twenty years, and cricket and palm weevil larva are the
two major edible insects commonly farmed in Thailand (Halloran et al., 2016b; Yen, 2015). As
one of the biggest suppliers of edible insects, the enterprises farming edible insects in Thailand
are mainly medium- or large-scale. From 1996 to 2012, they produced around 7500 tons of
cricket per year and 43 tons of palm weevil larva was harvested by 2011 alone (Hanboonsong et
al., 2015). However, other edible insects (such as grasshoppers and weaver ants) are still
seasonally wild-harvested in Thailand.
Entomophagy in African countries is different from Asian countries in the consumption
purpose and harvesting methods. Edible insects are an important natural resource to African
people during the drought seasons of food shortage (Mutungi et al., 2019). There were still 256
million African people undernourished by 2017; therefore, edible insects not only provided
nutritious diets to local people but also provided income opportunities for farmers (Resilience,
2017). Over 524 species of edible insects are consumed in 34 African countries, in the order of
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Lepidoptera, Orthoptera and Coleoptera, Isoptera and Hymenoptera (Ramos-Elorduy, 2005). In
different regions of Africa, the consumption of edible insects is disparate; in central African,
about 256 edible insect species were found, followed by southern Africa with 164 species and
eastern Africa with 100 species (Kelemu et al., 2015). Among all the major species, Coleoptera
was reported to contain the highest crude fiber (2-28%) along with Lepidoptera (2-16%); the
highest carbohydrate content was found in Coleoptera (13–52%) and Orthoptera (15–47%);
Lepidoptera had the highest fat content (2–55%); Orthoptera had the highest iron content (0.3–
910 mg/100 g) followed by Blattodea (27–332 mg/ 100 g); Lepidoptera had the highest
Phosphorus (100–730 mg/100 g); Lepidoptera had the highest Magnesium content of 1–160
mg/100 g (Hlongwane et al., 2020).
2.1.2. Nutrition Value of Edible Insects
A study compared four local edible insects (moth caterpillar, termite, cricket, and
grasshopper) in Nigeria found that based on an amino acid score, a net protein ratio, a biological
value and protein digestibility cricket presented the highest protein quality among the four
species, meanwhile, the serum LDL cholesterol concentration of the testing rat fed with cricket
containing diet was the lowest (Oibiokpa et al., 2018). Another study analyzed six edible species,
four cultivated insects: cricket (Gryllus sp.), mealworm (Zophobas morio F.), yellow mealworm
(Tenebrio molitor L.) and silkworm (Bombyx mori L.), and two wild insects: Javanese
grasshopper (Valanga nigricornis Burm.) and paddy locust (Nomadacris succincta L.), in which
grasshoppers, silkworm pupae and crickets presented a higher protein content than others
(Kuntadi et al., 2018). The nutritional value of five commonly used edible species in Korea:
three Coleoptera (Allomyrina dichotoma, Protaetia brevitarsis, Tenebrio molitor), and two
Orthoptera (Teleogryllus emma, Gryllus bimaculatus) were analyzed for protein, fatty acid, and
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minerals (Ghosh et al., 2017). Most species had a high amount of protein over 50%, T.molitor
showed the highest amount of fat 34.5%, all species’ fiber contents were higher than
conventional animal meat. Ghosh et al. (2017) also found that crickets as human food provided
more elevated amounts of protein, minerals (such as iron, zinc and magnesium) and better fat
contents leading to fewer saturated fatty acids and more polyunsaturated fatty acids than other
meats or eggs.
In general, Coleoptera usually has a high protein content with limited variation (50-70%)
than other species. Larvae and pupae provide more energy due to the fat content. Within the
same species, the variation of nutritional value is usually huge due to different regions, diet,
weather, measuring methods and developmental stage of insect (Kouřimská & Adámková, 2016;
Adámková et al.,2017).
2.1.3. Sustainability Benefit of Edible Insects
Besides the nutritional value of edible insects, the requirement of less water, space, feed
and the production of less greenhouse gas and ammonia emissions are the reasons that edible
insects have developed rapidly over the last decade (Dunkel & Payne, 2016; Halloran et al.,
2016a). Edible insects are considered sustainable sources of protein based on their high feed
conversion efficiency. About 80% of their mass can be digested, compared to 55% of chicken
and pork and 40% of cattle (Heckmann et al., 2018; Orsi et al., 2019).
Climate change is highly affected by the livestock, which could produce 5.6 to 7.5 Gt
CO2 per year, and beef and milk production from cattle accounts for 41% and 20%, respectively,
of the total emissions, while pork and poultry production contributes a total of about 9% and 8%
(Gerber et al. 2013; Herrero et al., 2016). Reducing the consumption of meat products and food
waste, along with a land-sparing strategy could lead to a reduction of net emission (Lamb et al.,
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2016). Cutting half of the consumption of meat and poultry would reduce greenhouse gas
emissions by 65% in the UK and by 25% to 40% in the European Union (Westhoek et al., 2014;
Scarborough et al., 2014). Insects are considered mini livestock as they have a great potential for
industrial production, due to the high growth rate, high survival rates, short lifespan, efficient
body mass conversion, and thrive at a high density (Van Huis et al., 2013; Gahukar, 2016).
Moreover, similar to conventional farming, genetic selection could be used for creating efficient
species. Oonincx et al. (2015) reported poultry under optimized diets converts 33% of dietary
protein, while 22-45% for yellow mealworms, 43–55% for black soldier fly larvae and 51 to
88% for Argentinean cockroaches; however, the last two species are mostly used as feed instead
of human food.
2.1.4. Processing Technologies
Harvesting from the wild is the traditional way to get edible insects; however, concerns
have been raised for quality control and overharvesting. Also, wild harvesting is highly
dependent on the experience, weather, season, and popularity of the species (Van Huis &
Oonincx, 2017; Durst & Hanboonsong, 2015). Domestication of major edible insects is crucial
for further development. Raising edible insects is relatively simple and requires limited space
(Melgar‐Lalanne et al., 2019). The most widely farmed edible insects are house crickets and
yellow mealworms since they have been sold as pet food for a long time (Gahukar, 2016).
Requirements for raising insects are relatively low. The most used method is raising them in
plastic containers at a temperature up to 30°C and humidity up to 70%, and feeding them with
organic wastes and cereals (Melgar‐Lalanne et al., 2019; Hanboonsong et al., 2013). Araújo et al.
(2019) concluded that the best rearing temperature was 25 to 28 °C, relative humidity around
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70%, and the feed containing 5% to 10% yeast, 80% to 85% carbohydrates, and some B complex
for Gryllus assimilis and Zophobas morio.
The edible insect industry is growing rapidly, and the development of new insect-based
products to fill the market, both whole insect and its ingredients, demands further processing
(Van Thielen et al., 2018). With the growing interest in raising insects for commercial use,
industrialization in production is crucial for consistent supplies (Raheem et al., 2018). Grinding/
milling, bleaching/ boiling, drying and extraction are some standard processing methods found in
the edible insect industry. The powder or meal form of edible insects is widely used to minimize
visual associations and improve the flavor (Bubler et al., 2016). Mancini et al. (2019) evaluated
the microbiological profile of 10 combinations of temperature (50, 60, 70, 80 and 90 °C) and
time (2.5 and 5 min) and compared to fresh larvae and oven cooked larvae (10 min at 150 °C). A
blanching treatment at 60 °C for 5 min was the cutting point on decreasing the microbial counts
and blanching at 60 °C terminated browning of larvae; temperature or time combinations lower
than this failed to reduce microbial loads and browning (Mancini et al., 2019). In a bleaching
process for T. molitor L., moisture increased from 62.81% to 70.44% after 40 s bleaching
(Vandeweyer et al., 2017).
Drying is the most useful technology in edible insects to improve the shelf-life or as
pretreatment for further process. Because of the loss of water, the enzymatic reaction was
deactivated as well as the growth and reproduction of spoilage microorganisms (Melgar‐Lalanne
et al., 2019). The drying methods include sun-drying, roasting, fluidized bed drying, freezedrying, and microwave-assisted drying from homemade methods to modern methods (Menozzi
et al., 2017). Sun-drying, freeze-drying, and oven-drying are usually used for drying the whole
insects, while freeze-drying and oven-drying are used to produce insect flours or insect powders.
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Mujuru et al. (2014) found that a combination of wet heating (boiling the insects followed by
open-pan roasting) and dry heating (hot-ash roasting) compared to dry heating alone provided
more effective results in reducing microbial contamination in Mopane worms. Also by using
gloves during degutting could further lower E. coli and S. aureus in Mopane worms. The results
of Klunder et al. (2012) study also confirmed that dry heat treatment alone was less effective in
reducing microbial counts compared to a combination of blanching and roasting processes for
farmed mealworms (Tenebrio molitor), house crickets (Acheta domesticus) and large crickets
(Branchytrupus sp.).
Another important processing technology for edible insects is extraction, by ultrasoundassisted extraction methods, cold atmospheric pressure plasma, and dry fractionation (Kim et al.,
2019). The extraction technologies have been used for obtaining protein, fat, and chitin from
edible insects. To extract protein, water, organic solvents, dry fractionation, alkaline extraction,
and enzymes were used to achieve industrial-scale processing (Lee et al., 2021). The pH value
adjusted the solubility of the protein in edible insects, ionic strength, and temperature of the
extraction environment to isolate the protein from insect powders (Bußler et al., 2016). In the
study by Ndiritu et al. (2017), hexane and water were used to extract protein from Acheta
domesticus, and as a result, hexane extraction performed more effectively for the yield, crude
protein, crude ash, available carbohydrates, and color. Nevertheless, protein extracted by water
presented better on both emulsion and foaming capacity and stability. Using enzyme alcalase to
extract protein from Gryllodes sigillatus crickets increased the solubility as well as emulsion and
foaming properties. This protein was also suitable for foods in the pH range of 3 to 7 or even
alkaline conditions up to pH 10.0 (Hall et al., 2017). For the dry fractionation method, the yield,
color, dimensions, apparent density, and hardness of protein-enriched fractions from T. molitor
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L. were depending on the pretreatments and the drying treatment before fractionation (Purschke
et al., 2018). To extract oil from Clanis bilineata, an edible Lepidoptera species eaten in China,
the ultrasound-assisted aqueous extraction method was applied and obtained the highest oil yield
of 19.47% at 400 W ultrasonic power for 50 min (2 s intervals) and 40 °C extraction temperature
(Sun et al., 2018). Compared to the Soxhlet extraction-derived method, the ultrasound extraction
method led to lower acid, peroxide and p-anisidine values while increasing the amount of
polyunsaturated fatty acids (56.89 g/100 g of oil) and thermal stability of edible insects.
Ultrasound extraction provided higher returns on capital investment due to the less processing
time and the amount of solvents (Panja, 2018), so it was considered as a greener technology.
Moreover, the functional properties of insect proteins for gelling capacity, foam capacity,
emulsion capacity, and solubility in various buffers or solvents have been explored (Ndiritu et
al., 2017; Lee et al., 2021; Sun et al., 2018). In Zielińska et al. (2018) study, Tenebrio molitor
and Gryllodes sigillatus shared similar emulsifying properties. The highest value of foaming
capacity found in protein preparations for Gryllodes sigillatus was at 99%, and 41% for whole
insects. The lowest value was noted in S. gregaria (protein preparations 6.17% and whole insects
19.33%, respectively). Hydrolysis has a positive impact on foaming properties and the oil in the
protein sample can improve emulsification properties (Yi et al., 2013; Gravel & Doyen, 2020).
Yi et al. (2013) evaluated the gel-forming ability of Tenebrio molitor, Zophobas morio,
Alphitobius diaperinus, Acheta domesticus and Blaptica dubia and found that gels could be
formed at 30% w/v protein concentration at pH 7 and 10, also temperatures ranged for gelation
was from 51.2 to 63.2 °C (Yi et al., 2013).
The edible insects and their protein were applied in various kinds of food products. The
nutritional, physical and microstructural properties of a snack that enriched with 10% to 20%
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mealworm (Tenebrio molitor) powder were evaluated for the different processing techniques
used during production (Azzollini et al., 2018). Results showed that at 10% of mealworm along
with a high barrel temperature and a screw speed the microstructure (expansion and pore
structure) was highly improved and provided an acceptable textural quality. da Rosa Machado et
al. (2019) used cricket (Gryllus assimilis) powder as a protein source for gluten-free bread and
found that the enrichment with cricket powder highly improved the texture of gluten-free bread,
as well as increased the lipid and protein contents. Another study with Nauphoeta cinera flour
also found a correlation between the insect flour and volume and firmness of the bread (de
Oliveira et al., 2017).
Since cricket (Acheta domestica) is one of the high-protein, low-fat edible insect species
raised on the farm, the variation of its nutritional value is limited. The main contents of cricket
are protein, fat, chitin, and micronutrition. Because of the content of chitin, cricket sharing the
same allergy source as shellfish. In the following study, cricket from Thailand company (JR
Unique Foods Ltd., Udon Thani, Thailand) was used as a food ingredient to improve the protein
content in various products.
2.2. Emotions and Measurement
Emotion and food have a complex relationship. Emotions of human beings have an
influence on their food choice, eating frequency, and the proportion per meal (Canetti et al.,
2002). On the other hand, consuming carbohydrate-rich and sweet food could reduce negative
feelings and keep a good mood (Scholey & Owen, 2013; Flaskerud, 2015; Juodeikiene et al.,
2018). Factors that influence the relationship between food and emotion vary from the
physiological aspects such as hunger, satiation, physiological reward mechanisms; psychological
factors including age, expectation, memory and habit formation, emotional coping mechanisms,
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eating disorder; in the sociological area: economic status, eating situation an eating culture
(Köster & Moje, 2015; Lagast et al., 2017; Barrett, 2012). From research of edible insects,
negative emotion highly affects consumers’ response towards food containing insects (Cunha &
Ribeiro, 2019; Schouteten et al., 2016; Baker et al., 2016). People from Western countries
considered insects as “disgust” and inappropriate as a food source, because of the negative image
from the mosquitos, flies, termites, ticks and fleas that were related to diseases, sickness,
infection, damaging (Sewell & Beauty, 2013; Hamerman, 2016).
2.2.1. Food-Related Positive Emotion
Hedonic asymmetry was found in food emotions, and positive emotions were reported
more often than negative emotions during eating or tasting food for healthy individuals (Desmet
& Schifferstein, 2008; Schifferstein & Desmet, 2010). From the psychosomatic theory, eating
may reduce anxiety due to the food intake affecting the synthesis of brain neurotransmitters
(Canetti, 2002).
In Finland, a study found that a gastronomic experience during their vacation elicited
strong emotion of joy and interest in the memory afterward, which enhanced the physical
pleasure and supported the savoring process of luxuriating (Sthapit, 2019). Ashurs et al. (2018)
found among college students when they feel positive emotions, their food choice shifted to
“healthful” foods instead of “junk” foods. Students who reported positive emotion were more
likely to consume meat or protein and sweets in this study, but less likely to eat pizza/fast food.
A study of eating out of the home with four types of meals: traditional, pizza, pasta, and jacket
potato with filling, showed that males were found to be more positively disposed than females,
and eating alone enhanced positive emotions, while negatively emotion felt by older students
reduced post-meal consumption (Edwards et al., 2013). After consuming an “emotionally
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charged” food (chocolate), the temporal dynamics of ambivalence were measured and found that
positive effects dropped over time and positivity decreased more rapidly for participants who
consumed chocolate (Hormes & Rozin, 2011).
Turner et al. (2010) utilized a comedy movie clip as positive emotional stimuli and found
that compared to the control group, participants with the stimuli eat 3.3 fewer cookies on
average. However, for participants who presented uncontrolled eating habits, the positive stimuli
led to consuming an average of 1.7 more cookies. In the study by Tuccillo et al. (2020), six
edible insects and their relative insect-based food products were evaluated by 400 Italians, and
the results showed that compared to females, males presented a more positive attitude to
entomophagy.
2.2.2. Food Neophobia and Disgust
Food neophobia is the reluctance to consume unfamiliar/ novel food. Large individual
difference existed in food neophobia; however, it is stable over time and across different
situations (Pliner & Salvy, 2006). The more willing to taste the novel food indicated the lower
neophobia. To assess willingness to try, the food neophobia scale with ten statements (Pliner &
Hobden, 1992) has been applied to evaluate novel food products worldwide (Hartmann &
Siegrist, 2016; Hartmann et al., 2015; Verbeke, 2015; Jaeger et al., 2017). The edible insect is
considered as a novel and inappropriate food source in Western food culture, so the neophobia
towards insect-based food becomes an obstacle to promoting entomophagy.
Although in recent years there has been an increased number of research on food
neophobia and WTT processed and unprocessed insect products in Western populations
(Hartmann & Siegrist, 2016; Hartmann et al., 2015; Verbeke, 2015), to our knowledge, there is
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no research on the relationship between neophobia, puchase intention and the actual behavior of
eating insects.
Studies for edible insects were often presented with image or word descriptions
(Hamerman, 2016; Cicatiello et al., 2016; Woolf et al., 2019). Harmann and Siegrist (2016)
suggested that actual eating behavior should be included in future research to measure edible
insects’ willingness to eat. An appropriate way to introduce the edible insects to consumers could
facilitate the willingness-to-eat and acceptance by incorporating them to a popular food with
acceptable sensory quality (Tan et al., 2016; Balzan et al., 2016; Hoek et al., 2013). The food
application of edible insects has been increasing during the last few years, and insect powder and
flour have been used in various food products such as snacks, cookies, bread, burger, pizza
(Clare et al., 2014; Ryu et al., 2017; García-Segovia et al., 2020; Edwards et al., 2013). However,
there were technological challenges among all types of insect-based foods. As an imitated meat
product, no matter the species, flavor and texture of insect-based foods still need improvement.
For bakery and snack food, insects were only detectable at a higher concentrate. In the future,
increasing the awareness and familiarity of the benefits of entomophagy by education programs
and information provision will reduce the negative effect of food neophobia (Megido et al.,
2016).
Disgust is one of the basic human emotions that protect the body by a reluctance to
consume bitter taste food related to toxins (Ammann et al., 2018; Chapman & Anderson, 2012;
Rozin & Fallon, 1987). The understanding of disgust has changed from disease-avoidance
emotion to unacceptable culturally and morally behavior (Hartmann & Siegrist, 2018). Scales
used to evaluate disgust include the food disgust scale (Rozin & Fallon, 1987), Disgust Scale–
revised (Olatunji et al., 2007), Three Domain Disgust Scale (TDDS) (Tybur et al., 2009), picture
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scale (Ammann et al., 2018) and an eight-item version of the Food Disgust Scale (FDS short,
Hartmann & Siegrist, 2018).
Similar to food neophobia, disgust also plays an important role in food rejection, but
there is no correlation between food neophobia and disgust according to La Barbera et al. (2018).
Moreover, they also found a significant effect of implicit attitude on disgust and an indirect
effect on encouraging people to incorporate insect-based foods. Olatunji et al. (2008) identified
three types of disgust: core: the threat of offensive item consumption; animal-reminder:
reminding people of their animal nature; and contamination: a reaction to the threat of disease
transmission from others.
Despite the increasing research on edible insects, the consumers’ attitude towards insectbased food in Western countries has not changed. Sogari et al. (2019) conducted a study in
Australia and found that there was low willingness to accept edible insects as a meat substitute
among Australian consumers because of the strong psychological barriers in food neophobia and
food disgust, combined with the worry of menacing masculinity perception.
2.2.3. Sensation Seeking
Sensation seeking is a personal trait indicating a willingness to take the physical and
social risk for the novel experience and complex sensations (Zuckerman, 1979). The core basis
for high sensation seekers is the individual differences towards intense novel stimuli
(Zuckerman, 1990; Lenglet, 2018). Sensation seeking scale- form V (Zuckerman et al., 1964;
Zuckerman et al., 1978) with 40-item measuring the trait from four dimensions: experience
seeking, boredom susceptibility, thrill and adventure seeking and disinhibition. The high
sensation seekers who keep looking for a challenge are perfect early adopters for entomophagy.
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During an event-related emotional stimulus, Zheng et al. (2011) found emotional N2 (an
index of an early attentional process stage of the centro-frontally negative component) is
increased in low relative to high sensation seekers. Emotional P3 (reflects the process of
categorizing an event) is increased in high sensation seekers, while enhanced N2 for negative
versus positive stimuli occurs for low sensation seekers. Results indicated that low sensation
seekers had a more active general alerting system toward emotional stimuli, especially for
negative stimuli. In contrast, high sensation seekers had a stronger preference for intense
stimulation irrespective of the emotional valence. In a buffalo worm burger study by Lammers et
al. (2019) hierarchical multiple regressions for the acceptance of edible insects showed that food
disgust was the most important predictor, followed by insect consumption, experience, food
neophobia, gender, sensation seeking and new technology neophobia. No correlation was found
between sensation seeking and food disgust. A Japanese version of the Sensation Seeking Scale
(SSS) was applied to 70 food products in a Japanese study. Significant and positive correlations
were found between total scores of SSS and the preference ratings for spicy foods (loading on
factor 1), meats (loading on factor 4), and alcoholic beverages (loading on factor 6) (Terasaki &
Imada, 1988). Although several papers address sensation seeking in relation to food
consumption, no research has been done to explore the relationship between edible insect
consumption, sensation seeking and purchase intent.
2.3. Informed Testing Condition
In Western society, only a few countries in Europe adopt edible insects as legally
accepted food ingredients, therefore, a huge number of studies related to edible insects were
using text descriptions or images of insect products instead of providing real insect-based food.
For panelists, the perception and data processing of text, image and real food products are not
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consistent. Sundar (2000) conducted a five-condition study with text-only, text and pictures, text
and audio, text, picture and audio, and text picture and video version of the news. Results
indicated that multimedia tends to impede memory for story content and leads to negative
evaluations compared to a single-source information, while improved the memory for
advertisements. Additionally, the picture alone presented the highest news’ quality with a score
of 66.75 out of 100, indicating pictures elicited positive perceptions.
Two presentation formats, text and pictures were used to evaluate hedonic and healthrelated properties of two meals (fruit salad and zucchini pasta with cauliflower sauce) (Buhrau &
Ozturk,2018). They found that health-related perceptions did not change in response to
presentation formats or health consciousness. Participants low in health consciousness rated a
healthy food item as more hedonically preferred and were more likely to choose that item when
presented in a picture format rather than text, whereas these were not observed for more high
health consciousness participants.
Restaurant dining and supermarket shopping are two important methods to obtain food in
daily life, the perceptions of supermarkets and restaurants are affected by many factors. In an
edible insect study by Baker et al. (2016), the effect of the description on a retail packaging and a
restaurant menu setting was examined. Results showed fuzzy descriptions were preferable for
minimizing risk and increasing purchase intention for edible insect products; also testing the
influence of images with suitable description information will benefit the promoting of the edible
insect food products by modifying their packaging and menu description.
2.4. Facial Emotion Expression
Facial emotion expression was first recognized by Israel Waynbaum, a French physician,
who examined facial expression’s role apart from their emotional consequences (Peper &
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Markowitsch, 2001). Zajonc (1985) further improved Waynbaum’s theory and proposed that the
expressions of basic emotions in a similar environment can be universally recognized.
Understanding other people’s emotional expression is one of the instincts of human beings. The
capability of capturing other people’s facial expressions and understanding their feeling would
prevent offending other persons during social interaction. This process happens in every
interaction with other people, and the brain analyzes this information in only100ms (Seitz et al.,
2008). Disease such as Parkinson, schizophrenic, Alzheimer, autism spectrum disorder and
bilateral amygdala damage could lead to partial or fully impairment in recognition of facial
emotion expression (Jian et al., 2017; He et al., 2019; Phelps, 2006; Ricciardi et al., 2017; Ostos
et al., 2011). In a communal space, the surrounding emotional environment affects people’s food
choices and emotions.
2.4.1. Emotion Stimuli and Identification
Stimuli are used to evoke participants’ specific emotional responses, including images,
cartoons, videos, and computer-generated faces. Pictures of human facial expressions from face
databases have been used for early studies. Hoffmann et al. (2010) used the image of 42 different
actors from JACFEE/JACNeuF facial stimuli sets to present six emotions (anger, fear, sadness,
happiness, surprise and disgust) to investigate gender difference in recognition of facial emotion
expression. Results showed that women presented more accuracy in recognizing the subtle facial
expression of emotions compared to males. In a cross-culture study (Masuda et al., 2008),
cartoons were used to display certain social contexts to stimuli happy, sad and angry feelings.
East-West difference was found in judging other people’s emotions incorporating social context.
Westerners evaluated emotions as individual feelings, while Japanese paid more attention to the
surrounding environment and considering emotional feelings of the group as inseparable.
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Emotion film databases including video clips and music have been created in different
regions, languages, and cultures wordwide (Schaefer et al., 2010; Zupan & Eskritt, 2020; Uhrig
et al.,2016; Deng et al., 2017). Schaefer et al. (2010) established an emotion-eliciting film
database with 70 film clips to elicit fear, anger, sadness, disgust, amusement, tenderness, as well
as emotionally neutral scenes. According to Gabert-Quillen et al. (2014), males reacted to film
clips rated as positively valence strongly, while females reacted more to film clips rated as
negatively valence. Also, Caucasian participants tended to respond strongly to the film clips than
other races, and familiarity with the films affected the rating of emotions. Uhrig et al. (2016)
found a difference in emotion elicitation, film clips (black and white, silence) and 3D-picture
stimuli performed similar effectiveness on eliciting positive emotions, whereas film clips were
less effective than pictorial stimuli in producing emotion. Among all the stimuli, video of human
facial emotion expression was found most close to real-life face-to-face interaction.
Electroencephalography (EEG) has been used to analyze emotion recognition based on
EEG signals depending on single-channel-based feature extraction methods. Wu et al. (2020)
presented an emotion recognition model combining EEG and eye movements. The accuracies of
this model are relatively high for the SJTU emotion EEG dataset (SEED) (95.08/6.42%), SEEDV dataset (contains EEG and eye movement signals for five emotions: happy, sad, fear, disgust
and neutral) (84.51/5.11%), and for arousal and valence on the DEAP dataset (containing EEG
and peripheral physiological signals of 32 participants which were recorded as each watched 40
one-minute long excerpts of music videos) (85.34/2.90% and 86.61/3.76%, respectively). Similar
research also conducted by Huang et al. (2017), in which two decision-level combing both EEG
and facial expression detections were used for emotion recognition. The accuracies of two
multimodal fusion were 81.25% and 82.75%, respectively, which were higher than facial
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expression (74.38%) or EEG detection (66.88%) alone. However, due to the inconvenience, the
self-report questionnaire with the Self-Assessment Manikin scale is still the most used method to
report the reaction to emotional expressions.
2.4.2. Self-Assessment Manikin Scale
The Self-Assessment Manikin (SAM) scale is a three-dimension questionnaire identified
as central to emotion. It was designed with an image-based scale to measure participants’
emotional responses (Bradley & Lang, 1994). Three series of graphs from the International
Affective Picture System (IAPS) were used to provide a standard stimulus for valence (ranging
from positive to negative), arousal (ranging from aroused to calm), and dominance (ranging from
controlled to in control). All stimuli were designated with a 9-point scale (Lang et al., 1997) as
shown in Figure 2.1. Additionally, simplified SAM versions with a 5-point scale and a 2dimension questionnaire (valence and arousal) were also widely used. This scale avoided the
language barrier and could be applied to children. The SAM was also applied to clinical practice
by Nazari et al. (2012) based on its validity and reliability.

Figure 2.1. The 9-point Self-Assessment Manikin (SAM) Scale (Bradley & Lang, 1994)
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Handayani et al. (2015) used a 2-dimension SAM scale to evaluate the four dynamic
emotions (happiness, calmness, sadness, and fear) evoked by video clips and revealed that
subtitle and duration of video clips could affect panelists’ recognition of emotions. Open Library
of Affective Foods (OLAF) was a set of 96 food images with four food categories (vegetables,
fruit, sweet high-fat, and salty high-fat foods) that designed to be used with the 36 International
Affective Picture System (IAPS) picture and Self-Assessment Manikin rating (Miccoli et al.,
2014). Two-dimension SAM scale and OLAF were also used to rate emotions to food with
different calories (Racine, 2018), and results showed that across the two-rating systems, arousal
was significant in favor of high-calorie food than the pleasant images, whereas low-calorie food
received significantly lower valence and arousal ratings compared to the pleasant images.
Little was known about how other people’s facial expressions affect insect-based food
emotional profiles and predict subsequent food purchase intent.
2.4.3. Food Evoke Emotions
Food evoked emotions were reported as an important factor influencing consumers’ food
choice decisions and understanding their eating behavior (Gutjar et al., 2015; Juergensen &
Demaree,2015; He et al., 2016). In the study by Korb et al. (2020), facial electromyography was
used to capture facial reaction, and found Corrugator Supercilii muscle was highly related to
food rewards during their anticipation. Zygomaticus Major muscle may activate during the
delivery of the most wanted touch, but not for the most wanted food.
According to Dalenberg et al. (2014), food evoked emotions were decomposed as valence
and arousal scores to predict food choice along with their liking scores. The prediction model
with emotions alone performed better prediction on food choice than the liking scores.
Additionally, the consumption of certain food products may induce various emotions. It could
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further improve/decrease recognition of other person’s emotional facial expressions, such as:
eating chocolate facilitated recognition of happy facial expression while consuming food with
fish sauce helped to recognize disgusted expressions on other people’s faces (Pandolfi et al.,
2016).
Insect-based food products were usually recognized as disgusted in Western countries
(Adámek et al., 2018; Delicato et al., 2020). Therefore, creating a friendly consumption
environment for insect-based food that elicits positive emotion could help reduce reluctance. The
emotions elicited by food products were able to increase consumers’ pleasant emotions for the
benefit of buying, owning, and consuming, and differentiating the food products that share
similar packaging and price (Jiang et al., 2014). With the variation of gender, age, race, and
education levels, consumers’ emotional response to a specified food product was different
between individuals. The research found that confirmation of emotional response is relayed on
both instants, activated in the human brain and assessment over time (memory) of the
consumption situations (Jauniaux et al., 2019; Pandolfi et al., 2016). The positive eating
environment prompts good memory for consumers. Chocolate-chip cookie was used in this
dissertation study to evoke consumers’ positive emotion.
Several factors (age, gender, race, etc.) influence participants’ recognition of other
people’s emotional expressions. Goncalves et al. (2018) found that the ability to identify facial
expressions declined with age and that older adults performed worse than younger adults on
accurately identifying the facial expression of anger, sadness, fear, surprise, and happiness.
Olderbak’s et al. (2018) performed a study with over 100,000 participants and confirmed that for
people ages between 15 and 30, their emotion reception abilities reach the peak, and additionally
females performed better on emotion reception abilities than males across all age ranges.
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Additionally, people from different cultures may perceive other people’s emotions
incongruously. Compared to Asian and Western cultures, Japanese perceived emotions using a
holistic perceptual method that identified facial emotion expression correspondent with body
emotional expression better than Canadian (Bjornsdottir et al., 2017).
2.5. Hedonic Rating and Purchase Decision of Edible Insects
The concept of entomophagy is growing. Research studies have shown that consumers’
attitudes towards willingness to eat, acceptance, and purchase intent are improved during the last
decade.
In a study in the Netherlands (Tan et al., 2017), meatball (appropriate), dairy drink
(inappropriate) mealworm products along with control (mealworm-free) products were tasted by
135 willing and 79 unwilling panelists. Results found that in general willing tasters rated higher
on sensory liking than unwilling tasters, and after tasting, sensory profiles of mealworm meatball
shifted to a less ideal side. Additionally, from the willingness-to-buy model, sensory liking was
an important predictor, as well as the familiarity for one-time tasting. However, if regularly
consuming it consumers wanted the product to be appropriate and tasty. In another insect-based
burger study, 31% mealworm was used in the burger (Schouteten et al., 2016). After blind
tasting, insect-based burger got a liking score of 3.58 (9-point scale) compared to meat-burger at
6.45. Emotion terms disgust and distrust received high frequency for insect-based burgers, while
for sensory profile, it is dry and granulate with nutty-flavor and off-flavor. The sensory quality of
this product was not acceptable and led to a low liking. However, actual tasting of insect-based
food products reduced fear emotion.
Adámek et al. (2018) compared the sensory quality and acceptance of seven energy bars
containing (10% to 20%) cricket flour. The kale, green tea, seaweed and ginger flavor energy bar
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(from the American manufacturer) received the highest sensory preference among all seven
samples for both aroma (4.0) and taste (3.6) based on a 5-point scale. Analyzed by a portable
electronic nose, there was no statistically significant difference detected between the evaluation
of the bars from the American and Czech manufacturers. The acceptance of insect-based energy
bars increased 60% after tasting, and 80% of consumers are willing to consume food enriched
with edible insects in the future.
Three food products (pasta, cookies and chocolate bar) containing mealworms were
evaluated by 200 Italian (Lombardi et al., 2019). Results found the willingness to pay for pasta
containing mealworm was not different from that for conventional pasta. Moreover, due to the
positive information, pasta containing insects gained a premium price of up to € 0.10; the
cookies and the chocolate bar with insects gained a slightly premium price. When provided
information about the benefits of insect consumption, consumers’ WTP increases for all three
insect-based products. In the regression model, negative beliefs and attitudes toward insects and
high levels of neophobia had a negative impact on the WTP for insect-based products.
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CHAPTER 3. COMPARING MALE VS. FEMALE CONSUMERS’
EMOTIONAL RESPONSES TO CHOCOLATE CHIP COOKIES
CONTAINING INSECT PROTEIN UNDER DIFFERENT INFORMED
CONDITIONS (TEXT VS. IMAGE VS. ACTUAL PRODUCT)
3.1. Introduction
The consumption of insects has been a part of human diets for millennia. Currently, there
are more than 2 billion people adopting insects in their diet worldwide and more than 1900 insect
species are edible (Van Huis, 2013). However, entomophagy was resistant by most western
societies due to food neophobia, food safety and food security concerns (Dossey et al., 2016;
Belluco et al., 2013; Murefu et al., 2019). During the last decade, edible insects have drawn
scientists’ attention worldwide by their high-quality protein and sustainability (Dossey et al.,
2016; van Huis & Oonincx, 2019). Research related to edible insects covers the breeding and
selecting of edible insects, processing properties of insect protein, nutritional evaluation of
different insect species, food safety of entomophagy, and regulating edible insects (Bankole et
al., 2013; Leksawasdi, 2010; Payne et al., 2016; Zielińska et al., 2018; Halloran et al., 2015). The
results of this research indicated increased the acceptability of edible insects in both Asian and
Western countries. In South Korea, with government support, the edible insect market has been
booming since 2012, and this market will reach to a 457 USD million business by 2020 (Han et
al., 2017). In a study in the Czech Republic, energy bars and protein bars containing edible
insects were accepted by 80% of panelists as a novel food (Adámek et al., 2018). House (2016)
found that in the Netherlands, the main factors affecting repeat consumption of edible insects
were the product’s price, the taste of the food, availability in the market, and appropriateness for
established diet (related to conventional foods).

28

Compared to other edible insects, cricket farming is less challenging since it had been
raised as feed for pets like snakes and lizards in the past. Cricket also had many species that
human could consume, such as Teleogryllus testaceus, Acheta domesticus, Gryllus bimaculatus
and others. Crickets were rich in protein and fatty acids. In a study for Acheta domesticus, results
showed that crickets contained around 55-60% protein, 24-29% fat and 3.5-7% fiber (dry-wet)
(Montowska et al., 2019). In terms of mineral content, crickets were rich in Ca, Mg, Fe, Cu, Mn
and Zn (Bankole et al., 2013; Latunde-Dada & others, 2016). Especially, cricket powder has
several functional qualities that are beneficial to the food industry, such as foaming and oil
absorption capacity (Zielińska et al., 2018).
For the sensory aspect, research related to edible insects’ products mainly focuses on
increasing the willingness to try and liking scores (Tan et al., 2016; Ruby et al., 2015). However,
liking is often not a good solo predictor for food consumption in real life to predict market
success. Jelle and others’ (2014) study showed, compared to liking, food evoked emotions better
predicted food choice and food intake than perceived liking alone. Food evoked emotions should
be measured through remembrance to provide information about food-related behavior (Gutjar et
al., 2015; Köster & Mojet, 2015). Measuring food evoked emotions can be done by several
methods; EsSense® Profile is one of them and has widely been used in the sensory area.
EsSense® Profile included 39 emotion terms and has been highly used for R&D and consumer
research (King & Meiselman, 2010). Data can be obtained from either check all that apply
(CATA) or scaling on a five- or nine-point scale to collect useful information. Among the 39
emotion terms, there are positive emotions (happy, joy, good, etc.) which are the majority terms,
negative emotions (unsafe, disgusted, worried, etc.), and some emotion terms related to sensation
seeking such as active, adventurous, daring, eager, and enthusiastic.
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Zuckerman (1994) defined sensation seeking as "the seeking of varied, novel, complex,
and intense sensations and experiences and the willingness to take physical, social, legal, and
financial risks for the sake of such experience." Terms measure sensation seeking that is either
related to interest-excitement or joy or both, and its scale is based on four factors: thrill and
adventure seeking, experience seeking, disinhibition, and boredom susceptibility (Zuckerman,
1979). Roberti (2004) considered sensation seeking a strong determinant of stimulating attitudes,
behaviors, and activities and a key personality variable that engages in certain risky behaviors. In
some studies, heavy metal/rock music and punk music have been found related to high sensation
seeking (Arnett, 1995; Weisskirch & Murphy 2004). People with higher scores on sensationseeking and the thrill and adventure-seeking scales showed a significantly higher willingness to
choose ‘Adventure holidays’ (Gilchrist, 1995). A Turkish foods study (Sivrikaya & Pekersen,
2020) showed that the sub-scale of sensation-seeking negatively correlation with food neophobia
on Turkish cuisine and could affect tourists’ purchase intention.
Food containing insects easily elicited consumers’ negative emotions and led to a low
purchase intent or willingness to try. Therefore, the type of information presented to consumers
and the presenting methods are crucially important. Buhrau and Ozturk (2018) found different
presentation formats (picture vs. text) of healthy food gave different hedonic perception and
chances to be chosen. Consumers tend to accept information that is obvious, easy to process, and
more positive. In this study, three information presenting methods were used (text, picture and
real product) to understand consumer emotional responses to chocolate chip cookies containing
insect protein, and whether they were affected by gender differences.
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3.2. Material and Methods
3.2.1. Questionnaire
This study evaluated consumers’ emotional responses to chocolate chip cookies with (WI)
and without (WO) insect protein under three different informed conditions (text-T, image-P, real
product-R). An online survey containing text description of both cookies was distributed to
collect consumers’ identified emotion terms associated with each cookie’s (WI and WO)
consumption using check-all-that-apply (King & Meiselman, 2010). A questionnaire containing
images of both cookies followed by questionnaire presented with actual cookies was delivered
by Compusense® five (Compusense Inc., Guelph, Canada) to obtain emotion terms and their
intensities on a 5-point scale in partitioned booths. Questions that related to the demographic
(gender, age, race) and purchase intent were included in all questionnaires.
3.2.2. Panelists
The research protocol for this study was approved (IRB# HE 18-9) by the Louisiana State
University Agricultural Center Institutional Review Board. Panelists were voluntarily recruited
from Louisiana State University, including students, faculty, and staff. Pre-screening was based
on age (>18 years old), chocolate chips cookie purchase and consumption. The online survey
was taken by 157 panelists, 45% male and 55% female. Panelists (N=150) who responded to the
other questionnaires were 52% male and 48% female. The panelists were instructed to look at
one sample at a time and answer questions. The majority of participants were in the age range of
18 to 25 (68%), followed by 26 to 35 (23%), and over 35 (9%). About 42% of the panelists were
Caucasian, 18% were African American, 18% were Asian, 11% were Hispanic and 11% others.
Up to 90% of the panelists were aware that insects could be consumed as food.
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3.2.3. Chocolate Chip Cookie Preparation
The materials used in chocolate chip cookies were: unsalted butter (Land O Lake, INC,
Arden Hills, MN, USA), chocolate chips (Nestle Toll House®, Solon, OH, USA), cricket protein
(Thailand Unique, Udon Thani, Thailand), salt (Morton salt, INC, Chicago, IL, USA), sugar
(Great value®, Bentonville, AR, USA), vanilla (McCormick & CO., INC, Hunt Valley, MD,
USA), wheat flour (Great value®, Bentonville, AR, USA), and whey protein (Grande Custom
Ingredients Group, Lomira, Wisconsin, USA). Two sets of chocolate chip cookies were made
(Table 3.1) based on these ingredients, cookies containing insect protein (WI) and cookies
without insect protein (WO). In this study, real cookies were only presented to panelists for
observation purpose (no taste testing required). The photos of WI and WO were taken under the
same camera setting separately and used in the questionnaire for the informed condition of the
image (Figure 3.1).
Table 3.1. Cookies Formulations
Formula
Butter
Cricket
(w/w)
protein
WI
WO

24.5%
24.5%

10%
0%

Salt

Sugar

Vanilla

Wheat
flour

Whey
protein

0.6%
0.6%

20.4%
20.4%

1.7%
1.7%

42.8%
42.8%

0
10%

a. Cookie containing insect protein (WI)

b. Cookie not containing insect protein (WO)

Figure 3.1. Image of Chocolate Chip Cookies
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3.2.4. Measurement (emotion evaluation)
Panelists’ emotional responses were measured after giving the product information using
different informed conditions. All 39 emotion terms from EsSense Profile® (King & Meilseman,
2010) were presented on questionnaires to be tested with the check-all-that-apply (CATA)
method. The online questionnaire was distributed to panelists through Qualtrics (Qualtrics Inc.,
Utah, USA) by anonymous link. Consumer study was conducted at the Sensory Analysis
Laboratory in Animal and Food Sciences Laboratory building, LSU, Baton Rouge, LA. The
Compusense® five (Compusense Inc., Guelph, Canada) software was used to collect purchase
intent (yes/no scale), liking on a 9-point scale (1- dislike extremely, 5-nether like nor dislike, 9like extremely; Peryam and Pilgrim, 1957), and emotion intensity on a 5-point scale (1-not at all,
3-moderately, 5-extremely; King and Meiselman, 2010). Finally, purchase intent was evaluated
after giving the entomophagy benefits information (EBI) including both health benefit and
sustainability of insect protein: “Insects are rich in protein, vitamin B and iron that may provide
benefit to human health. The production of insect protein requires less space, their feed
conversion is efficient, and therefore the insect consumption and use as a food ingredient
provides benefits in terms of sustainability.”
3.2.5. Statistical Analysis
Percentages and frequencies were calculated for knowledge of entomophagy, the
nutritional value of insects, appropriateness of food containing insects and purchase intent (PI) of
three informed conditions and EBI separately, along with their emotional responses to different
test conditions. Correspondence analysis (CA) was used to explore possible correlations among
six treatments (T-WO, T-WI, P-WO, P-WI, R-WO and R-WI) and 39 emotion terms in EsSense
Profile®. Rating data for the emotional intensity was analyzed by principle component analysis
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(PCA) to find underlying correlations that existed among 39 emotion terms, thereby reducing the
dimensionality of the datasets, increasing interpretability and minimizing information loss. The
extracted principal components (PC) were used as new parameters and further analyzed by oneway analysis of variance (ANOVA) using Tukey’s studentized post-hoc test at ! =0.05 to
compare the emotional response of six treatments. All statistical analyses were performed using
XLSTAT version 2017.3 (Addinsoft, NY, USA) and Statistical Analysis Software® (SAS 2012).
3.3. Results and Discussion
3.3.1. Awareness and Purchase Intent of Edible Insect
Consumers (N=150) were asked about their knowledge of entomophagy, the nutrition
value of insects, and the appropriateness of edible insects. Results are shown in Table 3.2. About
90.97% of the consumers were aware that insects are consumed in many countries and 88.7%
realized that insects are a good source of protein. The high level of awareness on entomophagy
might be related to the panelist’s composition, mainly college students, professors, and school
staff. In a study in Italy, a higher education level was found to positively influence consumers’
attitudes towards entomophagy (Cicatiello et al., 2016). However, only 62% of the panelists
considered insect protein as an appropriate source of food. The main reasons Western consumers
are reluctant to accept edible insects were disgust perception and food neophobia. La Barbera et
al. (2018) found that disgust affects consumers’ willingness to eat insects even more than food
neophobia. Disgust includes two types: animal reminder disgust and core disgust. For the
consumption of insects as food, they both reduced people's willingness-to-try (Hamerman,
2016).
The PI under text description was 52%, in which 40.28% female and 62.82% male were
willing to purchase a WI-cookie. Presenting the image of WI-cookie increased the PI by 9.72%
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for female panelists but did not affect the PI for males. When a real cookie containing insect
protein was served (but no taste testing required), the PI raised to 72.67%, increased 16% more
than presenting the image of the cookie, and this increase of PI appeared for both male (14.1%)
and female (18.06%) consumers. A claim of health benefit and sustainability for insect protein
also slightly increased the PI by 6.66%. This result agreed with previous studies in that health
claim positively affects purchase intent for food products due to consumers’ health concern and
nutritional knowledge (Coleman et al., 2014; Williams, 2005). In the questionnaire, the
sustainability information of insect protein was presented to consumers, mainly related to the low
carbon footprint of the insect protein. These beneficial claims led to the highest PI in the study,
in which 79.33% of consumers were willing to buy this product due to the concern of health and
environmental benefits, reaching a 53% increase compared to the PI under text description. The
same increase was found both in male (increase by 32.65%) and female panelists (increased by
87.81%). Compared to organic meat and free-range claim in a meat research at Belgian, the
carbon footprint labels are less appealing to consumers (Van Loo, 2014). In general, male
panelists showed a higher acceptance for insect protein in food appropriateness and all the PI
than females.
Table 3.2. Frequency Count (Yes, %) of Awareness and Purchase Intent (PI) for Insect-Based
Cookie*
Awareness
Total (%)
Female (%)
Male (%)
Entomophagy
90.97
90.28
91.03
Nutrition value
88.70
87.50
89.74
Appropriateness
62.00
52.78
70.51
Purchase intent
Total (%)
Female (%)
Male (%)
PI-T
52.00
40.28
62.82
PI-P
56.67
50.00
62.82
PI-R
72.67
68.06
76.92
PI-EBI
79.33
75.65
83.33
*Based on N=150 responses; awareness and purchase intent expressed as percent response
frequency (Yes) for each question; T= text description, P= picture demonstration, R= real product,
EBI= entomophagy benefit information.
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3.3.2. Exploring Consumer Emotional Perceptions
To better understand the shift of consumers’ emotional perceptions according to insect
protein, frequencies of emotion terms were presented in Figure 3.2. In the text description of the
cookie, in attendance of insect protein, the frequencies of positive emotions sharply reduced
(pleased, happy, satisfied, pleasant, good) by 24% to 40% (Figure 3.2 a1). Presenting pictures
elicited more selection on both negative emotion terms for WI-cookie (30%-68%) and positive
(67%-71%) emotion terms for WO-cookie, whereas for text description they were 22%-35% and
32%-48%, respectively (Figure 3.2 b1, b2). Presenting an actual chocolate-chip cookie resulted
in less difference between WI-cookie and WO-cookie (7%-8%) (Figure 3.2 c1, c2). In a German
school study, text and pictures were found to be associated with different processing strategies:
text was preferred to fit a coherence-formation strategy, whereas pictures were used better as
visual cognitive tools based on the demand (Schnotz et al., 2017). This study used text and
picture of cookies as different presetting methods for consumers, resulting in different emotional
perceptions.
Pleased
Happy

48%

Satisfied
Pleasant
Good

Disgusted: 13%

8%

45%
34%

T-WI

Interested:

7%

35%

30%
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32%

25%

Worried: 10%

8%

Adventurous:

11%
T-WO

22%

10%

35%
3%
T-WI

34%
T-WO

a1
a2
Figure 3.2. Emotion Response for Three Informed Conditions. a: text description of cookie, b:
picture presentation of cookie, c: real cookie presentation.
(figure cont’d)
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To clarify the relationship between presetting methods and 39 emotion terms, the
correspondence analysis map was plotted by MS Excel with XLSTAT add-in using symmetrical
normalization in Figure 3.3. The variance explained by horizontal (F1,63.28%) and vertical (F2,
29.91%) dimensions was up to 93.19% of the whole data set. The map clearly showed three sets
of emotional terms emanating from the origin. Emotion terms in the top left quadrant were
related to positive feelings, such as pleased, happy, and good. In the up-right quadrant direction,
emotion terms described negative and sensation-seeking emotions such as worried, interested
and adventurous. Towards the bottom of the map were less intense emotions, such as steady,
polite and bored. Although the distance between emotion terms and informed methods was not
mathematically defined, the closeness of the points and angle connecting emotion terms and
informed condition to the origin in the same quadrant can interpret their relationships (McEwan
& Schlich, 1991; Greenacre, 2017).
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Figure 3.3. Correspondence Analysis with Symmetrical Normalization. T-WO: text description of
cookie; T-WI: text description of cookie containing insect protein; P-WO: image of cookie; P-WI:
image of cookie containing insect protein; R-WO: real cookie not containing insect protein; R-WI:
real cookie containing insect protein.

In Figure 3.3, the angles of treatment T-WO and emotion terms pleased, happy, good were
extremely sharp because bakery products usually evoked consumers’ positive emotions (Mercer
& Holder, 1997). Similarly, angles of treatment T-WI and emotion terms worried, interested,
adventurous were shaper than other terms in this quadrant, revealing that the adding of insect
protein elicited worried as well as interested and feeling of being adventurous in the eating
experience. At the bottom of the plot, P-WO clustered with peaceful, free, and loving, and P-WI
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clustered with eager and enthusiastic. The informed method of showing pictures to consumers
was less distant than showing the product’s text description in the plot. This result differed from
Buhrau and Ozturk’s (2018) study, for the health consciousness, presenting picture led to a
higher hedonic score and consumption intention than presenting text for healthy food item. This
indicated that consumers’ perception of novel food such as insect-based products differed from a
regular food product.
R-WO and R-WI were quite close to the origin for the actual product part, which means
the informed method of showing a real product elicited less distinct between regular cookie and
cookie containing insect protein. The presentation of a real product with a regular appearance
could bring positive emotions to the consumption of novel food products. Tan and others (2016)
found after tasting in person, the sensory liking of a burger containing insect was increased to a
similar level as a beef burger.
3.3.3. Aggregation of Emotion
The survey investigated panelists’ emotional intensity when images of cookies and real
cookies were presented. In principle component analysis (PCA), the 39 emotion terms intensity
dimensionality was reduced to 5 important principal components with eigenvalues greater than 1
(Dmitrienko et al., 2007), as shown in Table 3.3. The first three principle components explained
55.28% of the total variance and each principle component explained 42.66%, 8.58% and 4.05%
of the total variance, respectively. Therefore, the total 39 emotion terms intensities were
aggregated to three principle components (PC). To get a better visualization of variables’ quality
of representation on each component, Figure 3.4 was plotted. Emotion terms explained by each
PC are presented in Figure 3.4. In this plot, the darkness and size of each dot represent the
proportion of emotion terms explained on each component. The 4th and 5th principle components
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showed a limited relationship with the 39 emotion terms. Emotion terms highly related to PC1
were merry, polite, whole, joyful, loving and peaceful, while emotion terms most associated with
PC2 were disgusted, unsafe and worried, and wild, adventurous and interested wre for PC3.
Table 3.3. PCA Eigenvalue Results
Principle components
comp 1
comp 2
comp 3
comp 4
comp 5

Eigenvalue
16.64
3.35
1.58
1.31
1.17

Percentage of variance
42.66
8.58
4.05
3.36
3.00

Cumulative percentage of variance
42.66
51.24
55.28
58.64
61.64
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Figure 3.4. Visualization of Variables’ Quality of Representation on Principle Components
The biplots obtained from the PCA are presented in Figure 3.5. All the emotion terms were
placed on the right side of the biplot in Figure 3.5a (PC1 vs PC2), while negative emotion terms
worried, disgusted, and unsafe were placed on the upper side of the biplot. In Figure 3.5b, most
positive emotion terms were located at the left side of the biplot and negative terms were located
at the right side, whereas emotion terms like adventurous, interested, wild, eager, enthusiastic,
active, and energetic were on the upper side of the biplot. The emotion terms on the upper side of
biplot Figure 3.5b were highly related to a personality trait recognized as sensation seeking
(Zuckerman, 1979) which was defined as a tendency to seek out varied, complex, novel, and
intense experiences. In this study, emotion terms correlated with PC3 were defined as sensationseeking emotions (SSE) elicited by cookies containing insect protein.
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Figure 3.5. Principle Component Analysis Biplot for Emotional Attributes Perceived by
Consumers. a: principle 1 and 2, b: principle 2 and 3.
Additionally, the tendency of individual response under different informed conditions was
circled by different colors in Figure 3.6. Compared to the response when the image of cookies
was presented, the presentation of actual cookies elicited less difference between the cookie
without insect and cookie containing insect protein on all three principle components.
Interestingly, in Delicato and others’ bakery study (2020), when adding insect fat into the cookie,
the emotional attributes perceived by consumers after tasting were barely changed since most
people perceived aftertaste as a positive attribute rather than as a negative attribute.
In Figure 3.6 a, the circle for image of WI-cookie was placed on the upper side of the
second PC dimension, related to negative emotion terms. The circle for image of cookie without
insects (WO) was placed on the right side of the first PC dimension, related to positive emotion
terms. In Figure 3.6 b, the circle for picture of WI-cookie was on the right side of the third PC
dimension, which was related to sensation-seeking emotion terms. A-WO and A-WI did not
show any difference in appearance and presenting method, making A-WI-cookie more correlated
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to positive emotions. The environment where the insect-based food was presented highly
influenced consumers’ perception of the food. A sensory study investigated consumers’
responses to the restaurants that serve edible insect. Results showed that image of the restaurants
under different social and financial risks was able to affect consumers’ intention to consume
insect-based food, increase word-of-mouth intention about entomophagy, and increase
consumers’ willingness to pay for insect-based food (Hwang & Choe, 2020).
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6
4

3

Dim3 (4%)

Dim2 (8.6%)

2

P_WI
P_WO
R_WI

0

P_WI
P_WO
R_WI

R_WO

R_WO
0

−3

−2

−10

−5

0

5

10

−3

Dim1 (42.7%)

0

3

6

Dim2 (8.6%)

Figure 3.6. Specify the Factor Variable by Coloring the Individuals by Groups.
To evaluate the differences among four informed conditions, ANOVA was applied on the
principle components (Johnson & Synovec, 2002) and results showed in Table. 3.4. The analysis
of positive emotion terms showed that the image of cookie without insects had a positive value
(1.99) and was significantly different from other groups. This meant consumers’ responses to an
image of cookie without insects were more related to positive emotion terms such as merry,
polite, whole and joyful. In contrast, the image of WI-cookie had the closest relationship with
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negative emotion terms (1.17), followed by presenting a real cookie containing insect protein
(0.05). No significant difference was found between presenting real WI-cookie and WO-cookie
on both PC1 and PC2. Both image and real cookie containing insect protein positively correlated
with sensation-seeking emotion (0.54, 0.14). When presented with the image of cookies,
consumers’ emotional responses were more intense than those presented with real cookies. The
addition of insect protein raised consumers’ emotional intensity of sensation-seeking emotions.
The increased intensity of sensation-seeking emotions may lead to a willingness to consume.
Byrnes and Hayes (2016) found that sensation seeking correlated with the overall liking and the
liking of the burning feeling for a spicy meal, and sensation-seeking may reflect intrinsic
motivations for consuming spicy foods.
Table 3.4. ANOVA for Principle Components’ Scores
P-WO
P-WI
R-WO
R-WI
PC1
1.99a
-0.49b
-0.72b
-0.79b
PC2
-0.99c
1.17a
-0.23b
0.05b
PC3
-0.53d
0.54a
-0.14c
0.14b
a-d Means in the same row followed by different letters are significantly different (P<0.05); PC1:
correlated to positive emotion; PC2: correlated to negative emotion; PC3: correlated to SSE.
3.3.4. Gender Difference in Consumer Emotional Perceptions
Compared to females, males scored higher on measures of sensation-seeking. This gender
difference has been explained by evolved psychological mechanisms and culturally transmitted
social norms (Zuckerman, 1979; Zuckerman, 1994). Disinhibition and boredom susceptibility
still are significantly influenced by gender difference, while gender difference for thrill and
adventure seeking has declined during the last ten years (Cross et al., 2013). The gender
difference may cause by their propensity to report sensation-seeking characteristics. In this case,
gender difference may affect the emotional perception of the cookie containing insect protein
under three informed conditions.
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When presenting with text description alone, the frequency change between two genders is
small (0.02-0.04); females report more frequency on emotion terms nostalgic, merry, guilty,
wild, disgusted, and adventurous than males (Figure 3.7 a). When picture was presented to the
panelists, males had higher frequency on both positive and negative emotions terms (Figure 3.7
b), and gender difference was consistent (0.06-0.13). After serving with the real cookie,
differences between male and female responses were relatively smaller (0.03-0.06) than
presenting picture (Figure 3.7c).
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Figure 3.7. Emotion Response According to Three Presenting Methods. M, male; F, female; T,
text; P, picture; R, real cookie; WO, without insect protein; WI, containing insect protein.
Following the same steps described in 3.3.2, ANOVA analysis was conducted on both
male and female PCA under three informed methods. There was no significant difference
between females and males on PC1 and PC2 which was related to positive and negative emotion,
respectively. From Table 3.5, the picture of cookie without insects presented a higher correlation
to positive emotions while picture of WI-cookie showed a higher correlation to negative
emotions. The information of insect protein elicited negative emotions on cookies, whereas
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sweet snacks are sometimes considered negative in terms of obesity, stress eating, emotional
eating, neuroticism, depression and premenstrual dysphoria (Gibson, 2006). On the dimension of
sensation-seeking emotions (PC3), males and females showed a significant difference (!=0.05)
under presenting the picture of a cookie without insects (Table 3.5). When presented with the
picture of WI-cookie, both gender responses positively related to sensation-seeking emotions.
Informing consumers with images of the food product could help to increase their curiosity about
a novel food product .
Table 3.5. ANOVA-PCA for Different Genders
P-WO
P-WI
R-WO
R-WI
PC1
Female
1.70
-0.49
-0.57
-0.64
Male
2.25
-0.46
-0.98
-0.80
PC2
Female
-1.03
1.35
-0.08
-0.24
Male
-0.94
1.01
0.15
-0.22
PC3
Female
-0.77a
0.68
0.28
-0.20
Male
-0.20b
0.46
-0.07
-0.19
a-b Means between males and females followed by different letters are significantly different
(P<0.05); PC1: correlated to positive emotion; PC2: correlated to negative emotion; PC3:
correlated to SSE.
The gender differences among emotional responses that elicited by informed methods were
presented in Figure 3.8. Presenting pictures leads to a higher frequency on emotional terms than
the text description and presenting actual cookies, no matter whether the insect protein is
involved. When panelists received text descriptions of the cookies, the intensities of their
emotional response were more conservative, under 0.15 for both WO-cookies and WI-cookies.
The text description of “chocolate chips cookie” in Figure3.8a was highly related to happy, good,
pleased and satisfied terms. Between two genders, females considered this description more
related to guilty, merry, mild, nostalgic and quiet, while males were more related to emotions:
active, good, joyful and satisfied. Panelists who received text description as “chocolate chip
cookie containing insect protein” in Figure 3.8 b expressed different emotional response,
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involving interested, adventurous, disgusted, worried, and unsafe. Both genders considered
adding insect protein to chocolate chip cookies as interested and adventurous. Females felt more
wild, adventurous, disgusted and unsafe to this description than males. Males’ emotional
response to this description showed more pleased, satisfied, eager, pleasant and enthusiastic. In
general, text descriptions of insect-based food evoked negative emotions and sensation-seeking
emotions. Compared to females, males showed less intense negative and more intense sensation
seeking emotions towards insect-based food. In this part, panelists read the text description
alone, imagining this product based on their experience and common senses, then gave their
emotional response. For most American populations, their knowledge of insect protein was
limited, and their culture considered insects as “disgusted” (Dossey et al., 2016).
After showing the image of a cookie to the panelists, the intensity of their emotional
response was relatively higher than the text description and presenting the actual cookie. Figure
3.8 a showed that male panelists expressed stronger positive emotional responses than females
for active, pleasant, pleased, merry and loving emotions. In Figure 3.8 b, after adding insect
protein into the cookie, males still felt more good, friendly, peaceful, pleasant and calm than
females. However, for the negative terms unsafe, disgusted and boring, males and females
responded similarly to the cookie containing insect image (Figure 3.8 b).
For both P-WO and P-WI groups, there was a significant difference between genders
(P<0.001). Serving real cookies decreased the difference between males’ and females’ emotional
response, especially for cookies that do not contain insect protein. In Figure 3.8 a, a limited
difference was found between male and female panelists. The claim of insect protein elicited
slightly higher friendly, boring and warm emotion intensity in male panelists than female
panelists.
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Figure 3.8. Emotion Response Results Displayed by Spider Plots for Each Informed Method. a,
cookie without insect protein; b, cookie containing insect protein.
3.4. Conclusion
WO cookies elicited stronger positive emotions for text description and picture
presentation while WI cookies evoked stronger negative emotions. Negative emotions were
significantly different (α=0.05) between picture presentations of WI and WO cookies, but not in
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real WI and WO cookies. Intensities of sensation-seeking emotions were significantly different
among the four presentation groups. Significant differences were found between female and
male consumers’ emotion intensities for P-WI cookies. Reluctance to consuming insectcontaining foods was related to emotional responses. Understanding these issues can provide
strategies to influence consumers’ choices and increase the perceived appropriateness of insectcontaining foods. This study demonstrated that, compared to text description and picture
presentation, real cookies elicited less intense negative emotional responses to cookies
containing insect protein. Among three cookies presentation methods, picture presentation
imparted the highest negative emotion intensities. Presenting male consumers with actual
products and emphasizing sensation-seeking emotions elicited by insect-based foods may
improve product acceptance.
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CHAPTER 4. COMPARING MALE VS. FEMALE CONSUMERS’
WILLINGNESS TO TRY, ACCEPTANCE, AND PURCHASE INTENT OF
CHOCOLATE CHIP COOKIES CONTAINING INSECT PROTEIN
UNDER DIFFERENT INFORMED CONDITIONS (TEXT VS. IMAGE VS.
ACTUAL PRODUCT)
4.1. Introduction
Edible insects are a good source of protein that can supply essential amino acids for
humans, as well as unsaturated fatty acids and some micronutrients (Rumpold & Schlüter, 2013).
Compared to meat production, edible insects may provide a more sustainable protein source,
addressing global nutritional needs (van Huis et al., 2013). Food neophobia, attitudes of disgust,
and food safety concerns were the main reasons for many Western countries’ reluctance to
entomophagy (Verbeke, 2015; Hartmann & Siegrist, 2016).
Food neophobia plays a crucial role in human consumption behavior, especially among
food preferences and food choices. To improve the consumption of edible insects, addressing
food neophobia is crucial. There is a strong link between food neophobia and various diets and
exposures to different types of food (Demattè et al., 2014; Mustonen et al., 2012). In Verberke’s
(2015) study, food neophobia was the most influential factor that negatively affected consumers’
readiness to adopt edible insects; one-unit increase caused an 84% decrease in the odds of being
ready to adopt edible insects, while knowing the health benefits and environmental benefits of
edible insect increased consumers adoption of insects as foods.
However, educating consumers about the nutritive and environmental benefits of
entomophagy is not sufficient to alleviate their disgusted reaction towards insects (Borg et al.,
2016; Hartmann & Siegrist, 2016), but prior experiences with insect consumption and processed
insect products make positive influences on the willingness to eat insects (Hartmann et al.,
2015). Tuccillo and others (2020) investigated Italians’ willingness to eat six edible insects and
49

found that cricket was the most preferred species, while bee larvae and grasshoppers took second
place, followed by mealworms and silkworms, and giant water bugs were the least preferred
species. Moreover, a study in Germany found a strong influence of food disgust on willingness
to consume insect or insect products, in which only 15.9% of participants were willing to
consume whole insects due to disgusted feeling, while 41.9% of them were willing to consume a
burger containing the same insect (Lammers et al., 2019).
The acceptance of food containing insects is determined by the sensory properties of food
and the consumer’s intrinsic characteristics such as culture, beliefs, age and gender (Verbeke,
2014; Tuccillo et al., 2020; Menozzi et al., 2017). Due to the cultural influence, acceptance of
entomophagy was different among nations; Africa and Asian countries such as Kenya, Thailand,
and China have more favorable attitudes towards edible insects than Western countries such as
Netherlands and Germany (Tan et al., 2015; Hartmann et al., 2015; Kelemu et al., 2015). Males
generally showed a higher acceptance of food containing insects than female consumers
(Lammers et al., 2019; Verbeke, 2014; Tuccillo et al., 2020). Ruby and Rozin (2019) examined
25 beliefs regarding potential benefits and risks of entomophagy and found that five factors
having eigenvalue above 1 were: beneficial, disgusting, risky, causing insects to suffer, and
violating religious principles.
With the promotion of edible insects, consumers’ willingness to try food containing insects
will increase, but their purchase intent may still be low. In Lammers et al. (2019) study, based on
a similar 7-point scale, willingness to try had a significantly higher score than willingness to
purchase for both insect burgers (3.66 to 2.94) and buffalo worms (2.12 to 1.78). Lombardi et al.
(2019) found that disclosing the benefits of entomophagy could slightly increase the willingness
to purchase cookies (+5.9%) and chocolate (+16%), but compared to conventional cookies and
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chocolate, the willingness to pay dropped significantly. In contrast, receiving the benefits
information, insect-based pasta gained a premium price up to € 0.10 and had a similar
willingness to pay for both conventional and insect-based versions.
Due to the regulatory and safety issues, most of the research involving food containing
insects used online questionnaires with text descriptions and images of food products or insects
(Lammers et al., 2019; Verbeke, 2014; Tuccillo et al., 2020; Ruby & Rozin 2019). The former
experiment taught that presenting methods affected consumers’ emotional responses and caused
gender differences regarding their sensation-seeking emotions. This study evaluated the effects
of informed conditions (text-T, image-P, and real product-R) on willingness-to-try, acceptance
and purchase intent of chocolate-chip cookies containing insect protein and consumers’ response
to different information conditions.
4.2. Material and Methods
4.2.1. Preparation of Sample
The chocolate chip cookie dough was first refrigerated under 4 ºC for two hours. Each
cookie dough was weighed (25g) and rounded with a diameter of 40 mm. All cookies were
baked at 180 ºC for 12 min and cooled to room temperature. In this study, cookies were
presented to panelists in 2 oz plastic cups with clear lids for observation purposes (no taste
testing). The photo of the cookie was taken and used in the questionnaire for the informed
condition of image presentation.
4.2.2. Experimental Design
Fifteen experimental treatments of chocolate-chip cookies (CCC) containing insect protein
were presented in this study. The panelists received six sets of information statements about the
CCC using both text description and image presentation. Each set used a different information
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statement, starting with I1 “Chocolate-chip cookie (CCC)” to I6 “Chocolate chip cookie
containing 5% cricket protein powder, which provides vitamin B, micronutrient and most
essential amino-acid. This product could also support food sustainability all over the world.
(CCC/N/CP/B/S)”, as presented in Table 4.1. These information statements were presented
separately with text descriptions (TEXT, T1 ~ T6) and their paired image descriptions (IMAGE,
P1 ~ P6).
Table 4.1. Experimental Condition
Provide Information
I1
I2
I3
I4
I5
I6

Treatments

Chocolate chip cookie (CCC)
CCC+ insect protein powder (CCC/IP)
CCC+ cricket protein powder (CCC/CP)
CCC+ 5% cricket protein powder (CCC/N/CP)
CCC/N/CP+ health claim (CCC/N/CP/B)
CCC/N/CP/B + support food sustainability (CCC/N/CP/B/S)

T1, P1
T2, P2
T3, P3
T4, P4, Pa, Cl, R
T5, P5
T6, P6

Informed condition: Text description (T), Image presentation (P), Packaging (Pa),
Celebrity promoting entomophagy (Cl), Real cookie containing insects’ protein (R).

Images presented in Figure 4.1 were taken in the lab (Canon® Rebel SL1, Canon USA
Inc., Melville, NY, USA), modified in photoshop 7.0 software (Adobe System INC., San Jose,
CA, USA), and downloaded from online news (Wilson, 2017). Besides six information
statements, a commercial packaging of CCC product (Pa), news of a celebrity promoting
entomophagy (Cl) and an actual CCC that contains insect-protein (R) were also presented
separately to the panelists to measure their preferences during the study. For comparison
purposes, the same text description was applied to Pa, Cl, R, T4 and P4.
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a. Chocolate cookie

d. Nutrition label of
cricket

b. Insect protein

e. Package of CCC

c. Cricket powder

f. Celebrity
entomophagy

Figure 4.1. Image for Different Information Statements
4.2.3. Sensory Analysis
4.2.3.1. Panelist Recruitment
The research protocol for this study was approved (IRB# HE 18-9) by the Louisiana State
University Agricultural Center Institutional Review Board. Panelists were voluntarily recruited
from Louisiana State University, including students, faculty, and staff. Pre-screening was based
on age (>18 years old), chocolate chips cookie purchase and consumption, no allergen reaction to
cocoa or shellfish. Each panelist was required to complete fifteen testing sessions, and real
cookie was only presented at the last session for the visual test. Panelists (N=150) responded to
the questionnaires were 53.3% male and 46.7% female. The panelists were instructed to look at
one set of information on the screen then answer questions on computers. Because recruiting was
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from a college campus, the majority of participants were in the age range 18 to 25 (76.7%),
followed by 26 to 35 (18%), and over 35 (5.3%). About 47.3% of the panelists were Caucasian,
14.7% were African American, 18.6% were Asian, 10% were Hispanic and 10% others.
4.2.3.2. Willingness-to-try, Acceptance, and Purchase Decision
Consumer study was conducted at the Sensory Analysis Laboratory in Animal and Food
Sciences Laboratory building, LSU, Baton Rouge, LA, U.S.A. This study evaluated consumer’s
willingness-to-try (WTT), acceptance, and purchase intent (PI) on chocolate-chip cookies
containing insect protein under different information statements (I1-6), informed conditions
(text-T, image-P, Real product-R) and extra influence of packaging (Pa) and news of celebrity
promoting entomophagy (Cl). The questionnaire contained a series of text descriptions for CCC
and paired images for CCC, which was presented to panelists first, followed by a questionnaire
served with actual cookies. Both questionnaires were presented using Compusense® five
(Compusense Inc., Guelph, Canada) software to panelists in partitioned booths. After receiving
different sets of information statements, panelists were asked to rate their willingness-to-try
score for the CCC on a 5-point scale, ranging from 1 (not at all) through 3 (moderately) to 5
(extremely), acceptance on a 9-point scale (1-dislike extremely, 5-neither like nor dislike, 9-like
extremely), and purchase intent on a 5-point likelihood-to-buy scale (1-not at all, 3-moderately,
5-extremely) as influenced by different informed conditions. Questions related to demographic
(gender, age, race) and purchase intents were included in all questionnaires.
4.2.4. Statistical Analyses
MANVOA was used to assess the statistical significance of six information statements as
independent variables, while willingness-to-try, acceptance, and purchase intent as dependent
variables for text description and image presentation separately. The results were further
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analyzed by one-way analysis of variance (ANOVA) using Tukey’s studentized range test at α
=0.05 to compare the willingness-to-try scores, acceptance, and purchase intent. Paired t-test was
used to compare text description and image presentation under the same information statement.
Also, Pearson’s chi-squared test was used to analyze gender differences among all treatments.
The multiple linear regression model was used to find the factors affecting consumers’ purchase
intent. Cluster analysis was performed to classify the fifteen treatments. The statistical analyses
were performed using R (version 3.6.3) and Statistical Analysis Software® (SAS 2012).
4.3. Results and Discussion
4.3.1. Willingness-to-try, Acceptance, and Purchase Decision
Statistically significant MANOVA effects were obtained for text description (P < 0.0001)
and image presentation (P < 0.0001). A series of follow up one-way MANOVA was conducted
for each dependent variable, and the results indicated that significant differences (P < 0.0001)
existed among six information statements for all three dependent variables. As seen from Table
4.2, a series of Tukey’s post-hoc analyses were performed to examine the mean scores of WTT,
acceptance, and PI across all six information statements for text description and image
presentation separately. Finally, paired t-tests were applied to each set of text description and
image presentation comparison in Table 4.2.
Information affects consumers’ response to insect-based food products. As shown in Table
4.2, the statement of “chocolate-chip cookie” (I1), as a baseline, received the highest mean score
for WTT, acceptance and PI in both text descriptions (3.73, 7.24, 3.84) and image presentation
(3.92, 7.41, 3.66). Besides PI for text, all responses to I1 were significantly higher than other
information statements. In comparison, after informing consumers that the cookie contains insect
protein (I2), the response scores generally significantly dropped. Additionally, identifying the
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insect as cricket (I3) caused a further decrease in WTT, acceptance, and PI. Research found that
consumers in Western countries generally considered insects as disgusting and unfamiliar food
sources. As a result, the WTT, acceptance and PI for food products containing insects were
relatively low (Megido et al., 2016; Jonas, 2018; Lammers et al., 2019). The statement of the low
proportion of insect powder (5%; I4) did not significantly increase for all three responses in this
study.
A statement of health benefit of the product (I5) significantly increased the WTT scores,
acceptance and PI compared to I2, I3 and I4. Menozzi et al. (2017) found that understanding
insect-based food’s health and sustainability benefits could significantly affect consumers’
attitudes and intentions. After presenting the sustainability benefit of insect protein, in the text
description group, PI for I6 showed no significant difference from the control I1. This means that
with an appropriate text description of the benefits of insect-based food, despite consumers rating
the likings for the insect-based CCC lower than conventional CCC, they were still willing to buy
this product for its benefits. Several studies showed that consumers concerned about
environmental sustainability of food choice would be more open to entomophagy (Sogari, 2015;
Lammers et al., 2019; Jonas, 2018).
Consumers’ responses to image presentation were significantly different from text
descriptions in several information statements (Table 4.2). This difference can be seen in the first
statement of CCC (I1), in which likings for text description was significantly lower than image
presentation, but in contrast, purchase intent was significantly higher. Consumers’ response to
information statements related to the low proportion of insect powder (I4) significantly affected
acceptance between text description and image presentation. For acceptance, the lower score of
image presentation may be caused by the insect powder appearance. For WTT scores, presenting
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a nutrition label image (I5) under health benefits information increased the liking score
significantly.
Table 4.2. Mean Scores for Willingness-to-try Acceptability and Purchase Intent
WTT
Text

Acceptance
Image

Text

Image

PI
Text

Image

I1

3.73±0.99Ad 3.92±0.86Bc 7.24±1.56c

7.41±1.39c

3.84±1.05Bc 3.66±0.93Ad

I2

2.11±1.05a

2.09±1.03a

4.11±2.16a

3.96±2.22a

1.92±1.01a

1.97±1.01a

I3

1.97±1.06a

2.02±1.05a

3.61±2.23a

3.55±2.23a

1.85±1.05a

1.91±1.03a

I4

2.29±1.06a

2.25±1.09a

4.14±2.22Ba 3.91±2.25Aa 2.1±1.03a

I5

2.95±0.92Ab 3.04±0.99Bb 5.31±2.01b

5.45±2.01b

2.71±1.03b

2.79±1.07b

I6

3.29±1.05c

5.98±1.94b

3.18±1.09c

3.25±1.08c

3.32±1.07b

5.86±2.00b

2.09±1.08a

a-d Means and standard deviation values in the same column followed by different letters are
significantly different (P<0.05);
A-B Means and standard deviation values with different superscripts indicate significant
differences between text description and image presentation (P<0.05).
Besides the analysis of mean values in Table 4.2, the hedonic scales’ frequency difference
between text description and image presentation was shown in Figure 4.2 (5% frequency was
used as a cutting point). The frequencies were showed in Figure 4.2 were calculated subtracting
the frequency for each hedonic scale in image presentation (Fi) minus frequency in text
description (Ft). Values above zero indicated higher frequency found in image presentation,
while values below zero indicated higher frequency found in the text description.
From Figure 4.2 a, for I1 the image presentation got 6% more “very much” on WTT
scores. After specifying that insect protein came from cricket (I3), more than 40% of responses
were “not at all” for both informed condition, and text description was considered 4.7% more
“not at all” than image presentation for WTT score (Ft=46%, Fi=41.3%). Using the image of
cricket powder (Figure 4.2 a) to substitute consumers’ inherent impression of insects may help to
decrease the “not at all” answer in WTT. The picture of low proportion insect powder (Figure 4.2
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a) rated less “moderately” on WTT score (5.4%) than text description (Ft=34.7%, Fi=29.3%).
Over 85% of the acceptance for the baseline information I1 on the liking side, got the most
responses on “like moderately” (Ft=12.7%, Fi=22.7%), “like very much” (Ft=36.7%, Fi=30.7%),
and “like extremely” (Ft=20.7%, Fi=23.7%). Image presentation received 10% more “like
moderately”, 6.7% less “neither like nor dislike” (Ft=10.7%, Fi=4%), and 6% more “like very
much” (Ft=36.7%, Fi=30.7%) responses than text description. The other difference between text
and image appeared at I2 “dislike very much” (Ft=9.3%, Fi=14.7%), and I4 “neither like nor
dislike” (Ft=20%, Fi=14.7%).
In Figure 4.2 c, the only frequency difference over 5% was I1“very much” (Ft=32%,
Fi=41.3%). Similar to WTT scores, after cricket as a material was given, about half the PI
responses were “not at all,” so it was interesting to find that image presentation got 4.7% less
“not at all” than text description for WTT score (Ft=52%, Fi=47.3%). As seen in Figure 4.2, for
CCC, image presentation got more “very much” and “like moderately” responses from text
description among all three responses.
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(a) WTT Score
Figure 4.2. Hedonic Scale Difference between Text Description and Image Presentation;
Column value = Frequence of image presentation – Frequence of text discription;
Column value >0 indicates Fimage >Ftext; Column value <0 indicates Fimage <Ftext.
(figure cont’d.)
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4.3.2. Willingness-to-try, Acceptance, and Purchase Intent Affected by Six Information
Statements and Gender
Two separate MANOVAs were performed on females and males to examine the
association between consumers’ responses and six information statements in text description and
image presentation. The interaction between information statements on WTT, acceptance and PI
was significant (P<0.001) for both genders. Univariate tests were conducted for all three
responses, followed by post-hoc analysis (Tukey’s HSD) to examine individual mean difference
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comparisons across all six information statements. Person’s Chi-squared test was performed
between male and female responses.
The results in Table 4.3 revealed that information of adding insect (I2), specifying cricket
(I3), and low proportion of insect powder (I4) caused significantly lower (p<0.05) preference
scores than other information statements across both genders. The claim of health benefits (I5)
increased all preference scores significantly (p<0.05) than the response to I2, I3 and I4 across
both genders. Differences between males and females were found in response to sustainability
statements. Males’ responses to I5 and I6 were significantly different across all three response
scores, while females’ responses showed no significant difference. Male were more sensitive to
sustainability and more willing to purchase food that supports sustainability. However, other
research found that women usually had a more profound concern about food sustainability
(Meinzen-Dick et al., 2014; Allès et al., 2017), but males always showed more acceptance for
food containing insects as ingredients. In Verbeke’s (2015) study, males were 2.17 times more
likely to consume insects than females. For females, I6 increased all three preference scores but
was still significantly lower than I1 (Table 4.3), meaning their preference for insect-based
cookies was not comparable to cookies without insect protein.
No significant difference was found between I6 and I1 for males according to WTT,
acceptance and PI. In text description, the PI for T6 was even higher than T1. An appropriate
benefit claim for insect-based food led to an equal PI as conventional food products for males.
Improving acceptance and adoption of entomophagy depends on health benefits, food
sustainability, familiarity/ awareness, and gender (Verbeke, 2015; Batat & Peter, 2020). The
initial adaptors of insect-based food products are crucial for increasing familiarity with
entomophagy and reducing food neophobia. Furthermore, promoting insect-based food products
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could target males by providing appropriate text descriptions of health benefits and sustainability
benefits. Also, in Table 4.3 in addition to the difference in the baseline of I1, the gender
difference was also observed for acceptance scores (T5, T6, and P6), in which males showed
significantly higher acceptance than females for health benefits and sustainability entomophagy.
Table 4.3. Mean Scores for Willingness-to-try, Acceptance, and Purchase Intent for Male and
Female According to Six Information Statements
WTT
Acceptance
PI
Male
Female
Male
Female
Male
Female
aA
aB
aA
aB
abA
T1 3.54±0.99
3.96±0.96
6.99±1.62
7.53±1.45
3.23±0.95
3.77±1.09aB
T2 2.26±1.03c
1.94±1.05c
4.29±2.15c
3.90±2.15cd 2.06±0.99c
1.76±1.03c
T3 2.21±1.01c
1.96±1.03c
4.20±2.14c
3.69±2.29d
2.08±0.98c
1.86±1.04c
T4 2.41±1.05c
2.16±1.06c
4.42±2.21c
3.81±2.22d
2.16±1.02c
2.03±1.04c
T5 3.01±0.91b
2.87±0.93b 5.70±1.88bB
4.87±2.09bcA 2.81±1.01b
2.60±1.04b
T6 3.34±1.03ab 3.23±1.07b 6.23±1.98abB 5.44±1.96bA 3.29±1.08a
3.06±1.10b
P1 3.79±0.91aA 4.07±0.79aB 7.20±1.54aA
7.66±1.17aB 3.46±0.94aA
3.89±0.88aB
P2 2.21±1.01c
1.96±1.03c
4.20±2.14c
3.69±2.29c
2.08±0.98c
1.86±1.04c
P3 2.06±1.04c
1.97±1.06c
3.72±2.18c
3.36±2.28c
2.02±1.01c
1.77±1.04c
P4 2.38±1.07c
2.11±1.11c
4.09±2.22c
3.71±2.28c
2.22±1.06c
1.93±1.09c
P5 3.10±0.99b
2.97±0.99b 5.74±1.95b
5.13±2.04b
2.89±1.10b
2.67±1.02b
P6 3.39±1.11ab 3.24±1.03b 6.35±1.94abB 5.56±1.86bA 3.34±1.12ab
3.16±1.03b
a-d Means and standard deviation values in the same column followed by different letters are
significantly different (P<0.05);
A-B Means and standard deviation values with different superscripts indicate significant
differences between males and females by Pearson’s Chi-squared test (P<0.05).
4.3.3. Willingness-to-try, Acceptance, and Purchase Intent under Different Informed
Conditions
In a previous study, consumers’ emotional responses were affected by three informed
conditions: text, image, and real product. In this study, news of a celebrity promoting
entomophagy and packaging of insect-based CCC were also included under the information
statement: “Chocolate chip cookie containing 5% cricket protein powder.”
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As seen in Table 4.4, the lowest hedonic scores were found in image presentation (P),
along with text description (T) and news of celebrity promoting entomophagy (Cl) had
significantly lower hedonic scores compared to other informed conditions. Phua et al. (2020)
found that celebrities’ statements of their diet choice can affect on consumers’ eating habits and
a potential further choice of their diet. However, the news of a celebrity promoting entomophagy
(Cl) did not significantly increase for all three preference responses in this study. Although
celebrities could transform unknown products into well-known products, their public image may
also lead to negative responses (Djafarova & Rushworth, 2017; Phua et al., 2018).
The package (Pa) helped increase consumers’ willingness-to-try, acceptance, and purchase
intent scores (Table 4.4). Enforcing the concept of commercialized insect-based food products to
consumers could help create a positive image of entomophagy. In a snack food, a degree of
processing of insect ingredients labeled with the wording “flour” or “bits” led to more positive
emotional expectations than whole insects (Gmuer et al., 2016).
After serving with CCC containing insect protein (R), consumers rated the hedonic scores
significantly higher than all informed conditions (Table 4.4). The lack of insect-based food
products in local food culture and the supermarket is one of the main barriers for consumers to
practice entomophagy (Menozzi et al., 2017). Providing an opportunity to try insect-based food
products would benefit the promotion of entomophagy. Also, appropriate and tasty insect-based
food products fit with the conventional product category could improve consumers’ liking and
willingness to buy (Tan et al., 2017).
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Table 4.4. Mean Scores for Willingness-to-try, Acceptance, and Purchase Intent According to
Different Inform Conditions
Informed
condition

WTT

Acceptance

PI

T

2.29±1.06a

4.14±2.22a

2.10±1.03a

P

2.25±1.09a

3.91±2.25a

2.09±1.08a

Cl

2.40±1.14a

4.33±2.21a

2.19±1.12a

Pa

2.85±1.10b

5.19±2.21b

2.72±1.19b

R

3.40±1.04c

6.17±1.89c

3.07±1.09c

a-d Means and standard deviation values in the same column followed by different letters are
significantly different (P<0.05); see Table 4.1 for treatment description.
As seen in Figure 4.3, 5-point (WTT and PI) and 9-point (acceptance) hedonic scales’
distribution was presented. The WTT scores for text description, image presentation and
celebrity promoting entomophagy were skewed to the left with over 20% on “not at all”,
“slightly”, and “moderately”, and more centralized for packaging (Pa), with 37% for
“moderately”. After observing the cookie, about 40% WTT scores loaded at “very much”,
followed by 31% at “moderately”. From Figure 4.3, the “extremely” willing-to-try for real CCC
containing insect protein was 12%, whereas for the CCC without insects was 15% for image
presentation and 13% for text description.
The acceptance of all informed conditions in Figure 4.3 was over 11% on the scale “neither
like nor dislike” and “like slightly”, while text description and image presentation got more
responses on “dislike extremely”, “dislike very much” and “dislike sightly”. Figure 4.3 showed
that consumers’ response to real cookie for acceptance was skewed to right side on a 5-point
scale with the highest frequency at 29% on “like moderately”, followed by 18% on “like
slightly” and 17% on “like moderately”.
The purchase intent showed a similar tendency as liking, all scores skewed to the left for T,
P and C, and Pa was centralized in “moderately” on the scale. The real cookie got more
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“moderately” (34%) and “very much” (32%) responses on purchase intent, despite that the
frequency of “not at all” was relatively high (11%) compared to regular CCC: 4.7% of text
description and 2.7% of image presentation.
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Figure 4.3. Distributions of Willingness-to-try, Acceptance, and Purchase Intent Scores under
Different Informed Conditions
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As seen in Table 4.5, no significant difference was found between genders according to the
five informed conditions, though females’ responses to WTT, acceptance and PI were slightly
higher than males. No correlation was found between males and females for different informed
conditions in this study.
Table 4.5. Mean Scores for Willingness-to-try, Acceptance, and Purchase intent for Male and
Female According to Different Informed Condition
Informed
condition

WTT
Male

Acceptance
Female

Male

Female

PI
Male

Female

T
2.79±1.13b 2.69±1.25b 5.30±2.27ab 4.87±2.44b 2.60±1.13ab 2.51±1.27bc
P
2.82±1.20b 2.72±1.27b 5.22±2.38b 4.85±2.51b 2.67±1.19ab 2.55±1.28b
C
2.54±1.11b 2.24±1.15c 4.59±2.17b 4.03±2.23b 2.29±1.08b 2.07±1.16c
Pa
2.86±1.06ab 2.83±1.15b 5.38±2.15ab 4.99±2.26b 2.75±1.13ab 2.69±1.27ab
R
3.35±1.07a 3.45±1.00a 6.05±1.90a 6.30±1.88a 2.95±1.10a 3.21±1.07a
a-d Means and standard deviation values in the same column followed by different letters are
significantly different (P<0.05).
4.3.4. Prediction of Purchase Intent
Multiple linear regressions for purchase intent were conducted for the total population on
acceptance score, willingness-to-try score, informed conditions, information statements for males
and females, respectively. Table 4.6 shows the independent variables used to predict purchase
intent for three models. In the male model, the informed conditions did not significantly
influence their purchase intent, but all other independent variables significantly affected the PI.
Table 4.6. Independent Variables Used to Predict Purchase Intent
General
Male
Female
F value Pr(>F)
F value Pr(>F)
F value Pr(>F)
Acceptance 8875.9 < 0.001*** 5059.8 < 0.001*** 3954.97 < 0.001***
WTT
1187.0 < 0.001*** 578.26 < 0.001*** 601.46 < 0.001***
Race
5.88
< 0.001*** 2.63
0.03*
5.91
< 0.001***
Group
2.55
0.04*
0.34
0.85
2.89
0.02*
Information 7.37
< 0.001*** 3.22
0.01**
5.63
< 0.001***
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Table 4.7 shows the results of multiple linear regression for purchase intent. The predictive
power (R2) indicated that 82% of the total variance of purchase intent was predicted (F=633.6,
df= 16). Acceptance was significantly associated with purchase intent (p<0.001), one unit
increase in acceptance score was associated with a 13% increase in the predicted purchase intent.
The results from Table 4.7 showed that WTT was the predictor with the strongest influence on
purchase intent, showing a coefficient of 0.65. This means that insect-based food with a high
WTT score increased consumers’ willingness to purchase. Gurdian et al. (2021) also reported
that aroma WTT, and appearance WTT were critical predictors of purchase intent for insectbased brownies.
Regarding the race variables, compared to “African American”, the “Hispanic/Latino” and
race other than “African American”, “Asian”, “Caucasian” and “Hispanic”, showed a significant
effect on PI; as the estimate values indicate that Hispanic and the other races were more
favorable for purchasing chocolate-chips cookie containing insect protein. According to Table
4.7, only packaging of all informed conditions significantly affected the purchase intent.
Additionally, besides the sustainability benefits of insects, information statements made a
relevant negative influence on PI. The sustainability benefits of insects increased purchase intent
significantly by 17 percent.
In the regression for the male model, the predictive power (R2) was 84% (F=377.7, df=
15), and acceptance, WTT, the race of Hispanics and others significantly influenced the purchase
intent positively. However, neither the informed condition of packaging nor the information
statement of sustainability compared to celebrity promoting entomophagy would significantly
affect the males’ purchase intent. For males, the information statement of adding insects to the
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cookie made a significantly negative influence on purchase intent compared to regular cookies
with a 14% decrease in PI.
The predictive power (R2) was 80% for the female regression model (F=308, df= 15).
WTT was still the predictor that strongly influenced on purchase intent in the regression model
for females; one unit increase in WTT was associated with a 64% increase in the predicted
females’ purchase intent. Compared to African Americans, Hispanic females had 28% more
interest in purchasing the cookie containing insects. As for information statements, a
sustainability benefit claim for insect protein would lead to a 26% higher chance for women to
purchase than only informing the consumer that there were insects in the cookies.
Table 4.7. Estimation of Purchase Intent by Multiple Linear Regression
Overall-PI
Predictors
Estimates
CI
p
(Intercept)
0.02
0.13 – 0.17 0.803
Acceptance
0.13
0.11 – 0.15 <0.001
WTT
0.65
0.61 – 0.69 <0.001
Race [Asian]
0.05
0.03 – 0.12 0.225
Race [Caucasian]
0.03
0.03 – 0.10 0.31
Race [Hispanic]
0.18
0.09 – 0.27 <0.001
Race [Other]
0.14
0.05 – 0.22 0.002
Group [Pa]
0.13
0.01 – 0.24 0.033
Group [P]
0.05
0.06 – 0.15 0.365
Group [R]
-0.01
0.13 – 0.11 0.883
Group [T]
0.01
0.09 – 0.11 0.852
Information [I2]
-0.06
0.15 – 0.03 0.169
Information [I3]
0
0.09 – 0.09 0.946
Information [I4]
-0.03
0.12 – 0.06 0.56
Information [I5]
-0.02
0.10 – 0.07 0.659
Information [I6]
0.17
0.09 – 0.26 <0.001
R2 / R2 adjusted
0.819 / 0.818
Male -PI
Predictors
Estimates
CI
p
(Intercept)
0.05
0.17 – 0.27 0.66
Acceptance
0.14
0.11 – 0.17 <0.001
WTT
0.66
0.60 – 0.72 <0.001
(table cont’d.)
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Male -PI
Race [Asian]
0.04
Race [Caucasian]
0.08
Race [Hispanic/Latino] 0.12
Race [Other]
0.19
Group [Pa]
0.1
Group [P]
0.02
Group [R]
0.03
Group [T]
0.01
Information [I2]
-0.14
Information [I3]
-0.1
Information [I4]
-0.08
Information [I5]
-0.12
Information [I6]
0.08
R2 / R2 adjusted
0.846 / 0.843
Female -PI
Predictors
Estimates
(Intercept)
0.01
Acceptance
0.13
WTT
0.64
Race [Asian]
0.06
Race [Caucasian]
0
Race [Hispanic]
0.28
Race [Other]
0.11
Group [Pa]
0.15
Group [P]
0.07
Group [R]
-0.04
Group [T]
0.01
Information [I2]
0
Information [I3]
0.08
Information [I4]
0.02
Information [I5]
0.07
Information [I6]
0.26
R2 / R2 adjusted
0.796 / 0.793

0.06 – 0.15
0.00 – 0.16
0.01 – 0.23
0.06 – 0.31
0.07 – 0.26
0.13 – 0.17
0.14 – 0.20
0.14 – 0.16
0.27 – 0.00
0.24 – 0.03
0.22 – 0.05
0.24 – 0.01
0.04 – 0.20

0.438
0.056
0.029
0.003
0.26
0.784
0.733
0.92
0.045
0.138
0.213
0.07
0.2

CI
0.20 – 0.22
0.10 – 0.15
0.59 – 0.70
0.05 – 0.17
0.10 – 0.11
0.13 – 0.43
0.02 – 0.24
0.01 – 0.32
0.07 – 0.22
0.21 – 0.12
0.13 – 0.16
0.12 – 0.12
0.04 – 0.21
0.10 – 0.15
0.05 – 0.19
0.15 – 0.38

p
0.952
<0.001
<0.001
0.302
0.936
<0.001
0.089
0.064
0.342
0.603
0.886
0.995
0.206
0.715
0.247
<0.001

4.3.5. Cluster Analysis
Cluster analysis (CA) was employed to examine preference data and to test the relationship
of different information statements and informed conditions. CA located certain degrees of
homogeneity among all treatments that have similar characteristics, whereas for treatments of
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different clusters their difference was decided by dissimilarity. In the present case, the similarity
was measured by distance among willingness-to-try, acceptance, and purchase intent.
As seen in Figure 4.4 (a), CA revealed three major clusters, cluster 1 was the regular
cookie, including T1 and P1. In the dendrogram (Figure 4.4 b), the height measures the
dissimilarity, when the height increased the similarity dropped. The cluster dendrogram showed
a big difference between clusters 1, 2 and 3 depending on the height differences. This means that
cluster 3 (Cl, P3, T2, P4, T4, P2, T3) was far from the regular cookies when considering
consumers’ preferences. In contrast, according to consumers’ preferences, cluster 2 (P5, R, Pa,
T5, P6, T6) showed more similarity than the regular cookies. Although six information
statements and five informed conditions were under different experimental conditions and not
comparable, CA results showed a general idea of how the treatments were different from each
other depending on consumers’ willingness-to-try, acceptance, and purchase intent responses.
(a)

(b)
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Figure 4.4. Cluster Analysis of Hedonic Data. a) cluster analysis plot; b) cluster analysis
dendrogram.
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4.4. Conclusion
In this study, different informed conditions, including text description, image presentation,
news of celebrity promoting entomophagy, packaging and real cookie containing insect protein,
were presented and contributed to different influences on consumers’ willingness-to-try,
acceptance, and purchase intent. Real cookies and packaging of insect-based cookies
significantly increased all three preference scores, while news of a celebrity promoting
entomophagy negatively affected preference scores. Information statements presented with both
text description and image presentation demonstrated that claim of health and sustainability
benefits lead to a significant increase on all WTT, acceptance and PI scores, though not
comparable to the regular cookie. Consumers’ response to text description and image
presentation showed a significant difference on WTT when health benefit claim was presented
and acceptance when the percentage of insect powder in cookies was informed. Additionally,
males showed significantly higher acceptance after being informed of the sustainability benefit
of insects than females. Purchase intent in this study was significantly affected by acceptance,
WTT, race, informed conditions, and information statements. Among all the dependent variables,
WTT had the strongest influence on purchase intent; one unit increase in WTT was associated
with a 65% increase in the prediction of purchase intent.
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CHAPTER 5. EFFECTS OF OTHER PEOPLE’S FACIAL EMOTIONAL
EXPRESSION ON CONSUMERS’ PERCEPTIONS OF CHOCOLATE
CHIP COOKIES CONTAINING INSECT PROTEIN
5.1. Introduction
Facial emotional expression releases important information about how individuals feel and
affects other people who capture that emotional expression. Being able to interpret other person’s
facial expressions can ease social interaction and prevent offending other persons. It only takes
100ms for the dorsal medial frontal cortex part in the human brain to activate for a presentation
of facial expression, which also mediates the perception of empathic emotion processing (Seitz et
al., 2008). Considerable research used photos of human facial expressions, videos of sequential
images, cartoons, and film video clips as provocative methods to stimulate panelists’ emotional
response to other people’s facial expressions (He et al., 2019; Dalenberg et al., 2014; Masuda et
al., 2008). Among all the methods, video of human facial emotion expression was most close to
face-to-face human interaction. The responses to stimuli of participants were captured by selfreport questionnaire, eye tracking pupil reaction, filming through webcam, and even brain
activity from functional magnetic resonance imaging and electroencephalography (Smith et al.,
2020; He et al., 2016; Stark, 2018; Jauniaux et al., 2019). The self-report questionnaire was used
in this study due to its convenience and cost-effectiveness among all these methods.
Goncalves et al. (2018) found that the ability to identify facial expressions declined with
age and that older adults performed worse than younger adults on accurately identifying the
facial expression of anger, sadness, fear, surprise, and happiness. Olderbak et al. (2018)
performed a study with 100,257 participants and confirmed that between the age of 15 to 30,
people’s emotional reception abilities reach a peak. Furthermore, females presented a better
performance on emotion reception abilities than males across all age ranges. Additionally, people
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from different cultures may perceive other people’s emotions incongruously. Compared to Asian
and Western cultures, Japanese perceived emotions using the holistic perceptual method that
identified facial emotion expression correspondent with body emotional expression better than
Canadian (Bjornsdottir et al., 2017). In this case, our study was conducted at LSU campus, most
participants were in the age range 18-35, and the majority race was Caucasian.
Food evoked emotions were reported as an important factor influencing consumers’ food
choice decisions and eating behavior (Gutjar et al., 2015; He et al., 2016). In a study from
Dalenberg et al. (2014), food evoked emotions were decomposed as valence and arousal scores
to predict food choice along with liking scores, whereas prediction models with emotions alone
were better in predicting food choice than liking. Moreover, the consumption of certain food
could induce specific emotions and further improve recognition of other person’s emotional
facial expressions, such as eating chocolate facilitated recognition of happy facial expression,
and consuming fish sauce helped to recognize disgusted expressions on other people’s faces
(Pandolfi et al., 2016).
Insect-based food product in our study was usually recognized as disgusting in Western
countries (Adámek et al., 2018; Delicato et al., 2020). Therefore, to induce a positive perception
of the insect-based food, the chocolate-chip cookie was used in this study to evoke consumers’
positive emotions. The emotions elicited by food products increase consumers’ pleasant
emotions in the benefit of buying, owning, and consuming, and differentiating the food products
that shared similar packaging and price (Jiang et al., 2014). Consumers’ emotional response to
specified food products differed between individuals due to gender, age, race, and education
levels. The research found that confirmation of emotional response is relayed on both instants
activated in the human brain and assessment over time of the consumption situations (Jauniaux et
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al., 2019; Pandolfi et al., 2016). The positive eating environment prompts good memory for
consumers.
The Self-Assessment Manikin (SAM) is a three-dimension questionnaire identified as
central to emotion. It was designed with an image-based scale to measure people’s emotional
responses (Bradley & Lang, 1994). Three series of graphs from the International Affective
Picture System (IAPS) to provide a standard stimulus for valence (ranging from positive to
negative), arousal (ranging from aroused to calm), and dominance (ranging from controlled to in
control) was designated with a 9-point scale (Lang et al., 1997). This scale avoided the language
barrier and could be applied to children. The SAM was also applied to clinical practice by Nazari
et al. (2012) based on its validity and reliability.
Handayani et al. (2015) used SAM to evaluate the four dynamic emotions (happiness,
calmness, sadness, and fear) evoked by video clips and found that including subtitles and
reducing the duration of the video clips affiliated users’ recognition of emotions. To avoid the
effect of language and get a validated response from the panelists, each video used in this study
was performed by one male actor and one female actress and lasted 60 seconds without voice nor
subtitles.
Little was known about how other people’s facial expression affects insect-based food
emotional profiles and subsequent food purchase intent. The objectives of this study were to
identify emotional response towards videos of different facial emotion expressions based on
valence and arousal scales (SAM); to explore the effects of gender differences on the emotional
responses to other people’s facial emotion expression; to find the correlation between
consumers’ emotional response and liking scales for insect-based food; to predict purchase intent
for chocolate-chip cookie containing insect protein.
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5.2. Materials and Methods:
The research protocol for this study involving human participants was approved (IRB# HE
18-9 and IRB#HE 18-22) by the Louisiana State University (LSU) Agricultural Center
Institutional Review Board (Baton Rouge, LA, USA).
5.2.1 Video of Facial Emotion Expression
Six actors were divided into three groups (one male actor and one female actress) and
conducted performances of three different facial emotion expressions: positive, negative, and
sensation seeking. Each emotion was recorded twice: facial expression alone and facial
expression of eating chocolate-chip cookies. Performances were conducted by the instructor
from the School of Theatre, LSU. A digital video camera (Canon EOS 80D, Japan) was used to
record the facial emotion expression videos at consistent background under bright white light at a
fixed focal length (f=35 mm). All six videos were trimmed by iMovie version 10.1.13 (Apple
Inc, Cupertino, CA, USA) to get 60-second, including crucial face expression frames and
detaching audio track as shown in Figure 5.1. All the six actors depicted in the videos gave
informed consent to publish their faces (see Appendix).

a. Positive facial expressions (Vp1) and positive facial expression of eating cookies (Vp2)

b. Negative facial expressions (Vn1) and negative facial expression of eating cookies (Vn2)
Figure 5.1. Thumbnail Image of Facial Expression Videos
(figure cont’d.)
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c. Sensation seeking facial expressions (Vs1) and SSE of eating cookies (Vs2)
5.2.2. Self-Assessment Manikin Survey
The online Self-Assessment Manikin (SAM) survey with nine-point pictorial scales was
used to validate the facial emotional expression for all emotion facial expression videos (n=300).
Before the testing, all participants were asked to check-all-that-apply (CATA) their emotional
state based on the 39 emotion terms from EsSense Profile® (King & Meiselman 2010).
Six videos (60 seconds each) were played in random order for each participant. Twodimension affective scales were used to measure the valence and arousal state after displaying
each video. An emotion state expressed the valence scale as “unhappy” (-4) to “happy” (4) and
an arousal scale as “calm” (-4) to “excited” (4), as shown in Figure 5.2.
Participants were asked to rate their willingness to try (yes/no scale) after watching the
actors eating chocolate chip cookies while presenting the three facial emotion expressions. In the
end, after randomly and equally presenting one of the videos of actors eating cookies,
participants were informed that the cookies in the video contained insect protein. Under the
instruction, consumers rated the valence and arousal state and WTT before and after (Vpr, Vnr,
Vsr) watching video.
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a) Unhappy--Happy

b) Calm--Excited

Figure 5.2. Self-Assessment Manikin Scales (Bradley & Lang, 1994)
Incomplete surveys were excluded from the study, and 300 completed responses were
received for the online survey through Qualtrics survey software (Qualtrics, Provo, UT, U.S.A.).
All were identified as regular consumers of chocolate-chip cookies, aged over 18, with no
allergen reaction to cocoa or shellfish, and voluntarily agreed to participate in the study.
Participants were recruited from the “Tiger Tasters” database of the LSU AgCenter Sensory
Services Lab, and from LSU campus. Surveys were distributed with anonymous links and QR
codes. More females (64.7%) participated in the online survey with a majority race of Caucasian
(72.7%) and the age range as shown in Table 5.1.
Table 5.1. Summary of the Participants Characteristics.
Variable
Gender

Levels
“female”
“male”
Race/ Ethics “African American”
“Asian”
“Caucasian”
“Hispanic/Latino”
“Other”
Age
18-25
26-35
36-45
(table cont’d.)

Frequency
64.7%
35.3%
8.0%
8.7%
72.7%
8.7%
2.0%
13.7%
25.3%
22.0%
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Variable

Levels
46-55
56-65
> 65

Frequency
15.7%
12.3%
11.0%

5.2.3. Consumer Test
To control the length and reduce the possible fatigue during the consumer test, three
separated tests (Qp: positive, Qn: negative, Qs: SSE) were conducted for each emotion facial
expression (Galesic &Bosnjak, 2009). Consumers without allergic reaction to cocoa or shellfish
were recruited voluntarily from the Louisiana State University campus on three separate days.
Before the testing, consumers were informed that they were going to taste a cookie containing
insect protein to avoid a potential allergic reaction to complete the test. Data from consumers that
did not eat the cookie and incomplete responses were excluded from the results.
The consumer study was conducted in partitioned booths at the Sensory Analysis
Laboratory in Animal and Food Sciences Laboratory building, LSU, Baton Rouge, LA, U.S.A.
Demographic information was collected as shown in Table 5.2. Emotion terms from the EsSense
Profile® were screened for the relevance of chocolate-chip cookie containing insect protein
based on an online screening survey using CATA (n=121). The emotion terms used in the
consumer test were selected based on the criteria that over 20% of the participants considered it
associated with the food sample (King & Meiselman 2010) and based on three emotions
presented in the video. The top five emotion terms from each emotion category were selected
from a screening survey to control the length of the questionnaire. These included five positive
terms: friendly, good, glad, happy, joyful; five negative terms: bored, disgusted, guilty, unsafe,
worried; and five sensation-seeking terms: active, eager, energetic, enthusiastic, interested.
Consumers were asked to evaluate their emotion statement using the fifteen selected emotion
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terms based on a 5-point scale (1-not at all; 5-extremely) before watching videos of facial
emotion expression.
The instructions were provided before play each video. The panelists were asked to watch
the video on a full screen first then answer questions on the next page on a computer screen. The
emotion intensity was evaluated after watching the video (After_V), tasting cookies without
insect protein (NICookie), tasting cookie containing insect protein (ICookie), and informing the
existence of insect protein in the cookie (ICooki_Info). Overall liking (9-point hedonic scale) and
purchase intent (yes/no scale) were measured for the same treatments under the effect of three
different facial emotion expressions. Additionally, information “insect consumption will support
global sustainability” (ICookie_BEI) was provided for videos with cookie consumption
following a purchase intent question.
Table 5.2. Consumer Demographic Information
Total sample Positive*
Negative*
n=257
n=86
n=82
Gender
“female”
116 (54.9%) 35 (40.7%) 43 (52.4%)
“male”
141(45.1%) 51 (59.3%) 39 (47.6%)
Race/ Ethics “African American” 45(17.5%)
15 (17.4%) 14 (17.1%)
“Asian”
29 (11.3%)
3 (3.5%)
14 (17.1%)
“Caucasian”
117 (45.5%) 41 (47.7%) 40 (48.8%)
“Hispanic/Latino”
51 (19.8%)
22 (25.6%) 9 (11.0%)
“Other”
15 (5.8%)
5 (5.8%)
5 (6.1%)
Age
18-25
192 (74.7%) 62 (72.1%) 64 (78.1%)
26-35
49 (19.0%)
14 (16.3%) 14 (17.1%)
36-45
11 (4.3%)
7 (8.1%)
4 (4.9%)
46-65
5 (1.9%)
3 (3.5%)
0
*Those who watched video clips with positive, negative, or SSE facial emotion.

SSE*
n=89
38 (42.7%)
51 (57.3%)
16 (18.0%)
12 (13.5%)
36 (40.5%)
20 (22.5%)
5 (5.6%)
66 (74.2%)
21 (23.6%)
0
2 (2.3%)

5.2.4. Statistical Analysis
Results of CATA from the online survey were analyzed by frequency for the initial
emotional baseline. To analyze the results from Self-Assessment Manikin scales, MANOVA was
used to assess the statistical significance on valence and arousal for three facial emotion
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expressions. Since a significant difference was detected (P<0.001), ANOVA and Tukey’s
studentized range test at α = 0.05 were used on the 9-point affective dimension scales. The
counts of valence and arousal were divided into nine sections. The nine sections defined by
combination of negative (ratings -4 ~ -2), neutral (ratings -1 ~ 1) and positive (ratings 2 ~ 4)
valence with low (ratings -4 ~ -2), moderate (ratings -1 ~ 1) and high (ratings 2 ~ 4) arousal.
Differences among three facial emotion expression videos were analyzed by ANOVA after
consumers were informed of the existence of insect protein (Vpr, Vnr, Vsr). The frequency of
willingness to try weas calculated. Multiple logistic regression was used to evaluate the
relationship between demographic information and willingness to try.
For three emotion questionnaires, MANVOA was used to assess the intensity of fifteen
initial emotion terms rated by consumers, followed by one-way analysis of variance (ANOVA)
using Tukey’s studentized range test at α =0.05, and this similar process was also conducted on
data from males and females. The 9-point liking and purchase intent (yes/no scale) among
different treatments was also analyzed. Paired t-test was used to compare the video of the actor
eating cookies (V_Cookie) and video without cookies (V_NCookie), and Pearson’s chi-squared
test was used for gender difference among different treatments (After_V, NICooke, ICookie,
ICookie_Info). Principal Component Analysis (PCA) Mix was used to finding a relationship
among categorical data: gender, race, age, video type, treatment, and numerical data: emotion
intensity, liking scores (Chavent et al., 2012). Three multiple logistic regression model was used
to find the factors affecting consumers’ purchase intent. All the statistical analyses were
performed using R (version 3.6.3) and Microsoft Excel (2013).
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5.3. Results and Discussion
5.3.1. Facial Emotional Expression Characteristics
The participants were asked to evaluate their initial emotions before the test. Emotional
terms that were chosen by over 20% of the participants before the testing are shown in Figure
5.3. In general, most participants felt good and calm before the test.
Two ANOVAs were conducted on two affective dimensions for six videos stimuli
(V_NCookie: Vp1, Vn1, Vs1; V_Cookie: Vp2, Vn2, Vs2) and the ratings after being aware of
cookies in the video containing insect protein (Vpr, Vnr, Vsr) under three facial emotion
expression. The results revealed significant effects for the videos stimuli and the information of
cookie containing insect protein (p<0.05), as shown in Table 5.3. The post-hoc analysis indicated
that the valence ratings of Vp1 were the highest compared to all other videos, and Vs1 was
significantly higher than Vn1. Videos of facial expressions with actors eating cookies shifted the
ratings of valence towards neutral. For the arousal rating, Vs1 got the highest rating than other
videos, and both Vs1 and Vs2 were significantly higher than Vp1 and Vp2. This result indicated
that participants could distinguish sensation-seeking facial emotion expression videos from the
positive videos based on the arousal ratings (Zheng et al., 2015; Lee & Shin, 2011). Between two
negative emotion expression videos (Vn1, Vn2), there was no difference found on valence and
arousal ratings, whereas participants reported significantly more “unpleasant” and “calm” for
negative videos on the affective dimensions compared to other videos. After the participants
were informed that the cookies in the video contained insect protein, all the ratings after
observing the three emotional facial expressions were shifted to neutral valence and moderate
arousal. There was no difference between Vpr and Vsr on both affective dimensions, while Vnr
was still significantly lower on both affective dimensions than Vpr and Vsr.
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Table 5.3 also showed the distribution of ratings in the valence and arousal affective space.
There was a relatively high number of ratings in the positive-valence and moderate-arousal area
for positive videos and relatively few in the negative-valence and low-arousal area. For negative
videos, neutral moderately-arousal was the most presented, followed by negative moderatelyarousal whereas the positive valence selections were the least presented. This result related to the
fact that emotions towards food were usually positive (Desmet & Schifferstein, 2008; Juergensen
& Demaree, 2015). Also, the initial emotion states in the present study (Figure 5.3) were also
related to positive emotions. For SSE videos, the highest count was found in positive valence and
high arousal areas, followed by neutral-valence and moderately-arousal. As for the response to
cookie containing insect protein, the highest selections were all in the neutral moderately-arousal
area, and Vnr got more responses in negative valence moderate and low arousal areas.
Table 5.3. Valence and Arousal Rating Means as Affected by the Emotion Facial Express Video
Clips and Distribution of Ratings in the Two-Dimensional Affective Space.
Pos.V
Pos.V
Pos.V
Neu.V
Neu.V
Neu.V
Neg.V.
Neg.V
Neg.V
Video
Valence
Arousal
Hig.A Mod.A Low.A
Hig.A
Mod.A Low.A
Hig.A
Mod.A Low.A
Vp1
2.18±0.09c 0.56±0.11b 80 102 25
4
71
14
2
1
1
Vp2
1.96±0.09bc 0.81±0.10bc 106 64
22
3
85
16
1
2
1
a
a
Vn1
-1.16±0.08 -0.52±0.09
4
1
2
4
145 32
13
61
38
Vn2
-0.88±0.09a -0.71±0.09a
6
5
3
3
162 32
4
46
39
Vs1
1.71±0.09b 1.61±0.10d 131 36
7
32
81
6
2
4
1
bc
c
Vs2
1.96±0.08
1.12±0.11 125 52
18
5
88
10
0
2
0
B
B
Vpr
1.11±0.15
0.59±0.16
25
10
3
1
51
5
0
3
2
Vnr
-0.89±0.16A -0.42±0.14A 2
2
1
2
55
5
1
17
15
Vsr
1.41±0.16B 0.51±0.18B 23
20
5
2
37
9
1
2
1
a-d
Means and standard error with different superscripts within a row indicate significant
difference (P<0.05; ANOVA; n=300); A-BMeans and standard error with different superscripts
within a row indicate significant difference after informed the insect protein (P<0.05; ANOVA;
n=100); bold is the area receiving the largest number of ratings. Values are based on 9-point
rating scale (valence: -4=unpleasant, 4=pleasant; arousal: -4=calm, 4=excited); Pos.: positive;
Neg.: negative; Neu.: neutral; Hig.: high; Mod.: moderate; V: valence; A: arousal; Neg./Low:
values < -1; Neu./Mod.: -1 to 1; Pos./Hig.: values >1.

The results were also presented by two-dimensional affective space for all video clips in
Figure 5.4. Positive and SSE facial expression videos were rated more towards “pleasant” and
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“exited”. Negative facial expression videos were rated more for “unpleasant” and “calm”.
Awareness of cookies in the video containing insect protein shifted the rating towards central, as
shown in Figure 5.4. There were significant differences between videos of facial emotion
expression and videos with cookies in S1 and S2, P1 and P2, respectively.
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Figure 5.3. Frequency of Emotional Baseline
of Participants by CATA Analysis.

Figure 5.4. Mean Rating Based on the 9-Point
Scale for Each Video Clip on Valence and
Arousal; bold font indicates the two same
emotional facial expression videos (no cookie
vs eating cookie) that were significantly
different.

5.3.2. Willingness-to-try Based on Emotional Facial Expression
In this study, 94% to 98% of the participants reported consuming cookies regularly. After
watching each emotional expression videos of actors eating the cookie, participants were asked if
they would like to try the cookie in the videos, the willingness-to-try (WTT) after negative
emotion video was significantly decreased to 15%. At the same time, WTT after positive and
SSE videos also decreased to 82% and 87.7%. Negative emotions from other people’s facial
expressions affect the participants’ WTT strongly. For positive emotion and SSE, preliminary
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results found that text descriptions of food products could elicit a stronger emotional response
than the picture or real product. When the participants were asked by only text description
whether they were willing to eat a cookie containing cricket protein, the WTT were lower than
the regular cookies (61% to 72%). Then the participants were informed that cookies in the videos
contained cricket protein, and their response on WTT towards negative, positive and SSE videos
were 19%, 65% and 73%, respectively. Compared to the text description of cookies containing
insects, other people’s negative facial expressions strongly decreased WTT, while others’
positive and sensation-seeking facial expressions increased WTT by 4% and 5%. Studies
confirmed that positive and negative stimuli from the outside environment could affect the
perception of participants’ internal sensations (Mojet et al., 2015; Gutjar et al., 2015; He et al.,
2019).
Table 5.4. Emotion Expression Video Effects on Willingness-to-try (Yes; %)
Text_ cookie Cookie in video
Text_Insect-cookie Insect-cookie in video
a
Negative
94.0
15.0
72.0
19.0a
b
Positive
98.0
82.0
61.0
65.0b
SSE
95.0
87.7c
68.0
73.0b
a-c
Willingness-to-try frequency with different superscripts within a column indicate a significant
difference (P<0.05, Cochran Q test)
To evaluate the relationship between demographic information, valence and arousal
affective judgments and WTT, a logistic multiple regression model was applied (Table 5.5).
Valence and arousal affective responses, along with gender [male, female], age [18-25, 26-35,
36-45, 46-55, 56-65, >65], race [Asian, African American, Caucasian, Hispanic/Latino, Other],
and the facial expression videos of actors eating insect protein [Negative, Positive, SSE] were
used as predictors of WTT. The final model included valence, arousal, age, race and emotional
facial expression videos, odds ratios, and confidence interval (CI) results were listed in Table
5.5. Gender was not a significant predictor in the model. Estimates of valence and arousal were -
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0.56 and -0.25, indicating that with an increase by one point of valence and arousal rating the
“yes” response to WTT will drop around 43% and 22%, respectively. Caucasians compared to
African Americans had a relatively lower “yes” response for WTT. Compared to negative facial
emotion expression, presenting other people’s positive and SSE facial emotion expression videos
significantly affected by the “yes” response to the willingness to try.
Table 5.5. Parameter Estimates for Logistic Multiple Regression of Willingness-to-try (WTT)
WTT
Predictors
Estimate Odds Ratios
CI
p
(Intercept)
10.95
4.19 – 29.01 <0.001
2.39
Valence
0.57
0.48 – 0.66
<0.001
-0.56
Arousal
0.78
0.68 – 0.88
<0.001
-0.25
Age18-25
0.67
0.30 – 1.49
0.323
-0.4
Age26-35
1.2
0.57 – 2.59
0.631
0.19
Age36-45
0.5
0.24 – 1.05
0.066
-0.7
Age46-55
0.87
0.39 – 1.93
0.729
-0.14
Age56-65
1.2
0.51 – 2.81
0.669
0.18
Race[Asian]
0.72
0.27 – 1.90
0.504
-0.33
Race[Caucasian]
0.38
0.19 – 0.80
0.01
-0.96
Race[Hispanic/Latino]
1.04
0.39 – 2.72
0.944
0.03
Race[Other]
0.25
0.06 – 1.02
0.055
-1.38
Emotion[Positive]
0.13
0.08 – 0.22
<0.001
-2.03
Emotion[SSE]
0.09
0.05 – 0.15
<0.001
-2.46
2=
R 0.537; bold p value indicates the estimator significantly affected the model
5.3.3. Emotional Response to Facial Expression Videos
Before starting the test, consumers were asked to evaluate their emotion intensities on a 5point scale for all 15 emotion terms selected by a screening survey. Consumers’ initial emotion
intensities were presented in Table 5.6. Consumers’ responses to positive, negative and SSE
facial emotion expression videos were presented in Table 5.7, Table 5.8, Table 5.9, respectively.
Generally, initial positive emotions obtained a higher intensity than negative emotions and
SSE before the testing, which is consistent with the online survey results. In the initial responses
towards the 15 emotion terms, the intensity of interested (3.72), friendly (3.70) and good (3.55)
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was significantly higher than other emotions, whereas the intensity of unsafe (1.23), disgusted
(1.31) and guilty (1.42) were significantly lower than others. The higher intensity of emotion
term “interested” is associated with the recruiting questions related to entomophagy (Lawless &
Heymann, 2010). Consumers who participated in this study were fully aware that they were
going to eat cookies containing insect protein in the testing. Knowing the existence of insect
protein in the test product before tasting may have led to biased consumers perception
(Schouteten et al., 2016; Barton et al., 2020), but this was necessary to avoid the possible allergy
and emotional distress. The differences among the three emotion expression videos were found
in “disgusted” (negative:1.12 vs SSE 1.40) and “enthusiastic” (positive:3.19 vs SSE: 2.83).
Males rated their emotion intensity higher than females in all the emotion terms except
“interested”. The intensities of “active”, “energetic” and “unsafe” emotion were found to be
significantly different between males (2.98, 2.92, 1.32) and females (2.6, 2.52, 1.11).
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Table 5.6. Consumers’ Initial Emotional Intensities Before Testing
In-lab Survey
By Questionnaire
Emotion
Active
Bored
Disgusted
Eager
Energetic
Enthusiastic
Friendly
Glad
Good

Total

Qpositive
e

2.81±0.98
1.97±0.96f
1.31±0.74h
2.80±1.11e
2.74±1.10e
3.02±1.12de
3.70±0.96a
3.36±1.04bc
3.55±0.96ab

de

2.93±0.92
2.08±1.03f
1.38±0.81gAB
2.74±1.11e
3.00±1.14cde
3.19±1.07cdeB
3.86±0.88a
3.49±1.05abc
3.76±0.98ab

Qnegative
de

2.74±0.95
1.77±0.76f
1.12±0.43gA
2.79±1.18de
2.66±1.02e
3.05±1.11cdeAB
3.65±0.88ab
3.34±1.02abc
3.43±0.85abc

By Gender
Qsse
cd

2.75±1.06
2.06±1.04ef
1.40±0.88ghB
2.85±1.06cd
2.56±1.11de
2.83±1.15cdA
3.60±1.07ab
3.25±1.04abc
3.45±1.01ab

Female

Male
de

2.60±0.98
1.88±1.00f
1.24±0.65gh
2.75±1.16de
2.52±1.09e
2.91±1.12cde
3.65±0.96ab
3.35±1.10bc
3.50±1.01ab

2.98±0.95def
2.05±0.93g
1.36±0.81hi
2.83±1.08f
2.92±1.08ef
3.11±1.11cdef
3.74±0.95a
3.36±0.99abcd
3.58±0.92ab

Guilty
1.42±0.91gh
1.40±0.95g
1.39±0.84fg
1.47±0.94gh
1.40±0.93gh
1.45±0.89hi
Happy
3.36±1.05bc
3.46±1.02abc
3.22±1.02bcd
3.39±1.09ab
3.34±1.11bc
3.38±1.00abc
Interested
3.72±1.02a
3.74±1.01ab
3.76±1.00a
3.67±1.05a
3.84±1.01a
3.62±1.02ab
Joyful
3.15±1.11cd
3.29±1.07bcd
3.05±1.05cde
3.10±1.21bc
3.04±1.23cd
3.23±1.00bcde
Unsafe
1.23±0.62h
1.21±0.56g
1.16±0.58g
1.30±0.70h
1.11±0.41h
1.32±0.73i
Worried
1.70±1.03fg
1.73±0.96fg
1.52±0.89fg
1.84±1.18fg
1.66±1.04fg
1.74±1.02gh
a-i
Means and standard error with different superscripts within a column indicate significant difference (P<0.05, ANOVA, Tukey’s poshoc test); A-BMeans and standard error with different superscripts within a section indicate a significant difference between three
emotion types (P<0.05; paired t-test); bold indicate the pairwise comparison within gender section was significantly different (P<0.05,
paired t-test); emotion intensity rated on a 5-ponit scale; emotion type stands for the facial emotion expression questionnaire; N=257.
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Table 5.7. Emotional Response to Positive Emotion Facial Expression Videos
Video

Vp2**
NS

Emotion

AfterV

Total

FriendlyNS

3.35±1.02

3.24±0.94

NS

ICookie

3.49±0.83

NS

ICookie_Info

AfterV

3.51±0.96

3.57±0.90

3.25±1.00

3.43±0.87

3.29±1.00

3.57±0.84

3.55±1.00abcd

Good

3.33±1.00ab

3.23±1.00a

3.56±0.84b

3.52±0.87b

3.46±0.90ab

3.25±1.02a

3.48±0.95b

3.51±1.06b

Happy

3.35±1.01ab

3.21±0.99a

3.55±0.81ab 3.60±0.88b

3.64±0.89ab

3.26±1.04a

3.46±0.95ab 3.50±1.07b

3.14±1.09

3.10±1.09

3.38±0.89

3.42±0.96

3.52±1.00

3.12±1.07

3.32±0.98

3.36±1.12

3.37±1.17

3.03±1.15

3.40±0.95

3.51±1.15

3.60±0.95

3.03±1.27

3.31±1.05

3.34±1.16

Glad
GoodNS

b

a

bd

3.46±0.96

3.60±0.87

b

ac

ICookie_InfoNS

3.64±0.91

b

abcd

ICookieNS

3.63±0.80

a

abcd

NICookie

3.30±1.00

b

cd

NS

3.37±0.98

Friendly

ab

Vp1**
NS

Glad

NS

Female***

NICookie
abcd

JoyfulNS

Male***

NS

b

3.40±1.09

3.06±1.16

3.57±0.92

3.57±1.12

3.63±0.84

3.00±1.21

3.46±0.95

3.43±1.17b

3.31±1.05

3.00±1.21

3.46±0.98

3.54±1.07

3.54±0.98

3.06±1.28

3.31±1.13

3.40±1.24

NS

3.37±1.14

3.00±1.21

3.54±0.98

3.60±1.06

3.69±0.99

3.11±1.30

3.40±1.12

3.37±1.26

NS

Joyful

3.11±1.28

2.74±1.29

3.34±1.06

3.46±1.17

3.54±1.12

2.91±1.34

3.17±1.22

3.26±1.36

FriendlyNS

3.33±0.92

3.39±0.73

3.55±0.74

3.51±0.82

3.55±0.87

3.41±0.73

3.51±0.71

3.55±0.79

3.35±0.90

3.47±0.84

3.67±0.72

3.69±0.74

3.57±0.89

3.49±0.77

3.65±0.75

3.63±0.86

Good

3.35±0.97

3.39±0.79

3.63±0.73

3.51±0.71

3.41±0.84

3.39±0.76

3.59±0.79

3.59±0.91

HappyNS
JoyfulNS

3.33±0.92
3.16±0.94

3.37±0.78
3.35±0.86

3.55±0.68
3.41±0.76

3.59±0.73
3.39±0.79

3.61±0.81
3.51±0.92

3.37±0.81
3.27±0.81

3.51±0.82
3.43±0.76

3.59±0.91
3.43±0.91

Happy

NS

Glad

NS

a-b

Means and standard error with different superscripts within a row indicate a significant difference (P<0.05, ANOVA, Tukey’s poshoc test); A-BMeans and standard error with different superscripts among five emotion terms indicate significant difference (P<0.05;
ANOVA, Tukey’s pos-hoc test);*indicate the pairwise comparison within two video was significantly different for that emotion term
(P<0.05, paired t-test); NS no significant difference was observed among treatments or column; emotion intensity rated on a 5-ponit
scale; AfterV: after watching emotion facial expression video before tasting the cookie; NICookie: tasting cookie without insect
protein; ICookie: tasting cookie containing insect protein; ICookie_Info: informed consumer this cookie containing cricket protein;
P1: video of positive facial expression, P2: video of actors eating cookie with positive facial expression; N=86.

87

Table 5.8. Emotional Response to Negative Emotion Facial Expression Videos

Male***

Female***

Total

Emotions
Bored
Disgusted
GuiltyNS
Unsafe
Worried
Bored
Disgusted
GuiltyNS
Unsafe
Worried
Bored
Disgusted
GuiltyNS
UnsafeNS
Worried

AfterV
1.46±0.72bcABC
1.70±0.99bBC
1.11±0.39A
1.37±0.90bcAB
1.76±1.08bC
1.42±0.66bcAB
1.74±0.93bB
1.12±0.39A
1.42±0.93bdAB
1.74±1.07bB
1.51±0.79cdAB
1.64±1.06cdAB
1.10±0.38A
1.31±0.86AB
1.77±1.11bB

Vn2
NICookie
ICookieNS
a
1.26±0.56
1.28±0.65a
1.10±0.40a 1.23±0.59a
1.15±0.42
1.20±0.62
1.11±0.44a 1.13±0.54a
1.10±0.34a 1.21±0.62a
1.21±0.47ab 1.16±0.43a
1.02±0.15a 1.12±0.39a
1.05±0.21
1.14±0.56
1.12±0.50a 1.12±0.54ac
1.09±0.29a 1.21±0.60a
1.31±0.66ab 1.41±0.82abcd
1.18±0.56a 1.36±0.74ab
1.26±0.55
1.26±0.68
1.10±0.38
1.15±0.54
1.10±0.38a 1.21±0.66a
NS

NS

ICookie_Info
1.22±0.54a
1.27±0.57a
1.11±0.39
1.11±0.42a
1.16±0.46a
1.09±0.37a
1.14±0.35a
1.05±0.21
1.09±0.37a
1.12±0.32a
1.36±0.67abcd
1.41±0.72abcd
1.18±0.51
1.13±0.47
1.21±0.57a

a-h

AfterV
1.61±0.75cABC
1.84±1.18bC
1.22±0.65A
1.40±0.89cAB
1.76±1.10bBC
1.49±0.63cAB
1.12±0.39bB
1.21±0.67A
1.51±1.05cdAB
1.81±1.24bB
1.74±0.85dbAB
1.79±1.15bdB
1.23±0.63A
1.28±0.65AB
1.69±0.98bAB

Vn1
NICookie
ICookieNS
ab
1.24±0.49
1.32±0.59a
1.13±0.44a
1.21±0.51a
1.12±0.36
1.17±0.52
1.09±0.36a
1.13±0.52ab
a
1.17±0.60
1.17±0.47a
1.23±0.48abcB 1.21±0.51ab
1.07±0.34aAB 1.14±0.41a
1.05±0.21A
1.19±0.59
1.00±0.00aA 1.12±0.54ab
1.07±0.26aAB 1.16±0.43a
1.26±0.50ac
1.44±0.64abcd
a
1.21±0.52
1.28±0.60ac
1.21±0.47
1.15±0.43
1.18±0.51
1.15±0.49
1.28±0.83a
1.18±0.51a
NS

ICookie_InfoNS
1.24±0.53ab
1.26±0.66a
1.13±0.41
1.17±0.58ab
1.17±0.58a
1.21±0.51ab
1.09±0.29a
1.07±0.26
1.12±0.39a
1.12±0.32a
1.28±0.56abcd
1.44±0.88abcd
1.21±0.52
1.23±0.74
1.23±0.78a

Means and standard error with different superscripts within a row indicate a significant difference (P<0.05, ANOVA, Tukey’s poshoc test); A-CMeans and standard error with different superscripts among five emotion terms indicate significant difference (P<0.05;
ANOVA, Tukey’s pos-hoc test); *indicate the pairwise comparison within two video was significantly different for that emotion term
(P<0.05, paired t-test); NS no significant difference was observed in a row or column; emotion intensity rated on a 5-ponit scale;
AfterV: after watching emotion facial expression video before tasting the cookie; NICookie: tasting cookie without insect protein;
ICookie: tasting cookie containing insect protein; ICookie_Info: informed consumer this cookie containing cricket protein; N1: video
of negative facial expression, N2: video of actors eating cookie with negative facial expression; N=82.
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Table 5.9. Emotional Response to SSE Emotion Facial Expression Videos NS

Male**

Female**

Total

Emotions
ActiveNS
EagerNS
EnergeticNS
EnthusiasticNS
InterestedNS
ActiveNS
EagerNS
EnergeticNS
EnthusiasticNS
InterestedNS
ActiveNS
EagerNS
EnergeticNS
EnthusiasticNS
InterestedNS

AfterV
2.66±1.12A
2.97±1.14AB
2.87±1.02AB
3.18±1.09BC
3.49±1.03C
2.42±0.95A
2.89±1.01AB
2.76±1.00AB
3.13±0.99BC
3.61±0.92C
2.84±1.21
3.02±1.24
2.94±1.05
3.22±1.17
3.41±1.12

Vs2
NICookie
ICookie
A
2.71±1.12
2.69±1.05A
2.92±1.13AB 2.74±1.16A
3.02±1.04AB 2.78±1.05A
3.25±1.19BC 2.92±1.16AB
3.58±1.04C
3.26±1.20B
2.66±1.19A
2.61±1.05A
3.05±1.16AB 2.82±1.20AB
3.11±0.98AB 2.82±1.09AB
3.39±1.24B
2.97±1.20AB
3.76±1.05B
3.45±1.27B
2.75±1.07A
2.75±1.06
2.82±1.11A
2.69±1.14
AB
2.96±1.09
2.75±1.04
AB
3.14±1.15
2.88±1.14
3.45±1.03B
3.12±1.14

ICookie_Info
2.73±1.11A
2.73±1.16A
2.87±1.07A
3.00±1.20AB
3.36±1.24B
2.66±1.10A
2.74±1.13A
2.87±1.09AB
3.05±1.11AB
3.53±1.11B
2.78±1.12
2.73±1.18
2.86±1.06
2.96±1.26
3.24±1.32

A-B

AfterV
2.80±1.13A
2.88±1.13AB
3.07±1.15AB
3.04±1.14AB
3.28±1.13B
2.61±1.13
2.84±1.05
2.97±1.15
2.87±1.07
3.21±1.12
2.94±1.12
2.90±1.19
3.14±1.15
3.18±1.18
3.33±1.14

Vs1
NICookie
ICookie
A
2.84±1.12
2.74±1.19A
2.88±1.09A
2.74±1.14A
A
3.00±1.08
2.88±1.11AB
3.16±1.04AB 2.90±1.15AB
3.47±1.08B
3.33±1.11B
2.61±1.20A
2.55±1.25
A
2.87±1.02
2.61±1.05
A
2.87±1.04
2.68±1.19
3.13±0.96AB 2.71±1.14
3.61±1.00B
3.24±1.24
3.02±1.03
2.88±1.14
2.88±1.14
2.84±1.21
3.10±1.10
3.02±1.03
3.18±1.11
3.04±1.15
3.37±1.13
3.39±1.00

ICookie_Info
2.72±1.20A
2.74±1.27A
2.84±1.22A
2.93±1.28AB
3.38±1.26B
2.55±1.29
2.58±1.27
2.63±1.26
2.71±1.21
3.34±1.30
2.84±1.12
2.86±1.27
3.00±1.18
3.10±1.32
3.41±1.24

Means and standard error with different superscripts among five emotion terms indicate a significant difference (P<0.05; ANOVA,
Tukey’s pos-hoc test); *Indicate the pairwise comparison within two video was significantly different for that emotion term (P<0.05,
paired t-test); NS no significant difference was observed in a row or column; emotion intensity rated on a 5-ponit scale; AfterV: after
watching emotion facial expression video before tasting the cookie; NICookie: tasting cookie without insect protein; ICookie: tasting
cookie containing insect protein; ICookie_Info: informed consumer this cookie containing cricket protein; S1: video of SSE facial
expression, S2: video of actors eating cookie with SSE facial expression; N=89.
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For positive emotions in Table 5.7, males (mean score of 3.54) showed significantly higher
emotion intensity than females (mean score of 3.43) (p<0.001), while emotion intensity after
watching the video of actors eating cookies (Vp2: 3.40) was significantly lower than the video
without cookie (Vp1: 3.65) (p<0.01). Regardless of the gender and emotion expression, there was
no difference found between each section’s five positive emotion terms. The emotion intensity
ratings for positive videos were relatively high on a 5-point scale, ranging from 3.10 to 3.64.
The emotional intensity of “friendly” and “joyful” showed no significant difference among
all treatments. A lower emotion intensity of “glad” was found when consumers ate the NICookie
in both videos (Vp1: 3.30, Vp2: 3.28), while informed ICookie did not impact their “glad”
feelings. Similarly, ICookie (Vp1: 3.48, Vp2: 3.56) elicited a significantly higher intensity of
“good” than NICookie (Vp1: 3.25, Vp2: 3.23) in both videos as well as ICookie_Info (Vp1:3.51,
Vp2: 3.52). After consumers were informed of the existence of cricket protein, they rated the
highest intensity for “happy” (Vp1: 3.50, Vp2: 3.60). There was no significant difference found in
males’ emotion intensity across four treatments. Female presented lower “glad” emotion after
eating NICookie in both videos (Vp1, Vp2). In general, consumers experienced relatively higher
positive emotion intensity for ICookie. Ardoin et al. (2020) found that whole-wheat snack
crackers containing 4% to 7.9% cricket powder were more acceptable than crackers with a
higher percentage of cricket powder based on their overall perceptions and sensory attributes.
Although the color difference between cookies containing insect protein and cookies without
insect protein was not recognizable, the flavor difference was detectable. In this study, the
cookies containing insect protein received higher positive emotion intensities compared to
cookies without insect protein. Under positive facial expression, knowing the existence of insect
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protein in the cookies and after consuming them did not decrease positive emotion intensities
significantly.
For negative emotions in Table 5.8, there was a significant difference (p<0.001) between
males (1.33) and females (1.25), whereas no difference was found between Vn1 and Vn1. The
intensities of the five negative emotion terms were significantly different after watching the
videos before tasting the cookies in both videos (Vn1, Vn2), in which “guilty” was rated to the
lowest intensity (1.11) compared to the other four negative emotions. The emotion intensity
ratings for negative videos were relatively low on a 5-point scale, ranging from 1.09 to 1.84.
The emotional intensity of “guilty” showed no significant difference among all treatments
for the three emotional expressions. Highest emotion intensities were presented in treatment:
After_V for emotion “disgusted” (Vn1: 1.84, Vn2: 1.70) and “worried” (Vn1: 1.76, Vn2: 1.76).
Emotion “bored” and “unsafe” sharing similar emotion intensity responses, both presented
significantly higher emotion intensity in treatment After_V (bored: N1:1.61, N2: 1.46; unsafe:
N1:1.40, N2:1.37) than treatments after tasting. The highest emotion intensity found in females
was “worried” after watching the video of negative emotion expression NICookie (1.81), males
were “worried” after watching Vn2 (1.77). For both genders, the lowest emotion intensity was
found in emotion “guilty” after tasting cookies without insect protein (female: 1.05; male: 1.10).
All the intensities for negative emotion were between “not at all” to “slightly”. Also, Adrion and
Prinyawiwatkul (2020) found that U.S. consumers were more willing to try bakery products
containing insect powder (48%). The positive image of bakery products in consumers’ memory
helped to relieve the negative emotional intensity. After tasting, negative emotion intensity
dropped significantly, even knowing the existence of insects in the cookie did not shift this
change.
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For sensation-seeking emotions in Table 5.9, males (2.94) and females (3.02) presented
significant differences in emotional intensity (p<0.01), and no difference was found between the
two SSE videos (Vs1, Vs2). Regardless of the type of video, five SSE terms showed no significant
difference among all treatments in two video sections. Similar to initial ratings, “Interested” got
the highest emotion intensity, followed by “Enthusiastic” and “Energetic”. The emotion intensity
rating for SSE videos on a 5-point scale ranged from 2.66 to 3.76.
Although no significant difference was found among all treatments, emotion intensity for
female Vs2 was relatively higher than other treatments. Females also presented slightly higher
emotion intensity on “interested” than males after watching the video of actors eating cookies
with sensation-seeking facial emotion expressions. In general, after watching videos Vs1 and Vs2,
consumers experienced “slightly” to “moderately” sensation-seeking emotions.
5.3.4. Consumer Liking and Purchase Intent Influenced by Other People’s Facial Expressions
Liking scores have been found correlated with emotion and purchase intent (Mojet et al.,
2015; Gutjar et al., 2015). In this study, Vp1 and Vp2 showed no significant differential effect on
liking, while females (6.40) presented significantly higher (p<0.5, t-test) liking scores than males
(6.15) after watching Vn1 and Vp2 (Table 5.10).
As seen in Table 5.10, in positive facial emotion expressions, no matter which video was
watched, NICookie got a lower liking score than ICookie. In contrast, for negative facial emotion
expression, watching Vn2 and NICookie elicited the highest liking (6.76), whereas watching Vn1
and tasting ICookie significantly reduced liking (6.01). As for SSE, the effects of tasting
NICookie after watching Vs1 (6.81), Vs2 (6.87) on liking score was significantly higher than other
treatments.
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Other peoples’ positive emotional facial expression presented a positive effect on
consumers’ liking score on ICookie. Even after consumers were informed of the existence of
insect protein, the liking score did not drop. However, when perceived negative or sensation
seeking facial emotion expressions from other people, consumers’ liking scores for ICookie were
significantly lower than NICookie, and informing them the existence of insect protein further
dropped the liking scores.
Table 5.10. Mean of Liking Scores Affected by Facial Expression Videos
Videos
Positive
Negative*
SSE
a
c
NICookie
6.11±1.58
6.76±1.35
6.87±1.50b
V_Cookie
ICookie
7.00±1.10b
6.13±1.33abc
6.31±1.65a
ICookie_Info
6.92±1.20b
6.15±1.41abc
6.28±1.76a
NICookie
6.08±1.68a
6.63±1.43bc
6.81±1.48b
V_Ncookie
ICookie
7.12±1.37b
6.01±1.43ab
6.31±1.61a
ICookie_Info
7.17±1.50b
6.00±1.52a
6.22±1.68a
a-c
Means and standard error with different superscripts within a column indicate a significant
difference (P<0.05, ANOVA, Tukey’s pos-hoc test); * stands for gender difference; liking rated
on a 9-ponit scale; NICookie: tasting cookie without insect protein; ICookie: tasting cookie
containing insect protein; ICookie_Info: informed consumer this cookie containing cricket
protein.
Consumers’ purchase intent under different facial emotion expressions was shown in Table
5.11. The highest PI (90.5%) was presented with the benefits claim of entomophagy under Vp1.
In positive facial emotion expression, ICookie received a higher purchase intent than NICookie.
Under Vn1 with no cookie, the PI of NICookie and ICookie with benefit claim showed no
significant difference. For SSE videos, there was no significant difference among all treatments.
Benefit claim increased the PI for cookie containing insects between 8.3% to 29.3% across all
treatments.
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Table 5.11. Frequency of Purchase Intent (%) Affected by Facial Expression Videos
V_Cookie
V_Ncookie
Positive
Negative
SSE
Positive
Negative
SSE
a
a
a
b
NICookie
47.6%
68.3%
73.0%
48.8%
73.2%
68.5%
b
a
b
a
82.1%
63.4%
60.7%
Icookie
72.6%
51.2%
57.3%
b
a
b
a
ICookie_Info
72.6%
51.2%
59.6%
79.8%
52.4%
56.2%
b
b
b
b
Icookie_BEI
90.5%
75.6%
73.0%
88.1%
81.7%
70.8%
a-b
Means and standard error with different superscripts within a column indicate a significant
difference (P<0.05, McNamer test); purchase intent (Yes/No) scale; NICookie: tasting cookie
without insect protein; ICookie: tasting cookie containing insect protein; ICookie_Info: informed
consumer this cookie containing cricket protein; Icookie_BEI: informed consumer benefits of
entomophagy.
In the present study, an overall difference existed in consumer emotion intensity and liking
due to four treatments and two types of videos. To reveal the mixed relationship of quantitative
and qualitative variables, Principal Component Analysis (PCA) Mix was conducted separately
on each facial emotion expression to sort variables into homogeneous clusters, as shown in
Figure 5.5, Figure 5.6, and Figure 5.7.
For positive facial emotion expression, the first principal component explained 52.8% of
the variance of the initial variables, followed by the second one, with 11.7%, making up a total
of 64.5%. The third one retrieves an additional 10.0%, cumulating approximately 74.5% of the
variance of the initial variables (Table 5.12). The levels map in Figure 5.5 presented the
categorical variables indicating that tasting ICookie and informing the existence of insect protein
tended to be characterized by a Vp1 without cookies. The circle suggests that correlations for
numerical variables emphasize that five positive emotion terms were positively correlated with
liking and PI. To analyze the contributions of all the categorical and numerical variables,
correlations between variables and the principal components (PC) were shown in Figure5.5(d).
In the figure, there were two main principal components, positive emotion and testing methods.
All five positive emotion terms were correlated and highly associated with the first principal
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component (PC1). The categorical variables (six video clips and four treatments) accounted for
the high correlations with the second principal component (PC2). Liking scores were more
correlated to PC1, while PI was located in the middle of PC1 and PC2.
Table 5.12. Eigevalues and the Variance from PCA mixdata for Positive Facial Emotion
Expression
Eigenvalue
Proportion
Cumulative
dim1
5.2798781
52.798781
52.79878
dim2
1.172234
11.72234
64.52112
dim3
1.0004566
10.004566
74.52569
dim4
0.9937735
9.937735
84.46342
dim5
0.6512541
6.512541
90.97596
(a) Observations

(b) Levels
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0.0
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Figure 5.5. Results of Positive Facial Emotion Expression PCA mixdata Analysis
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For negative facial emotion expression, the first principal component explained 29.1% of
the variance of the initial variables, followed by 16.9% (PC2), and 10.2% (PC3), cumulating
approximately 56.1% of the variance of the initial variables (Table 5.13). The levels map in
Figure 5.6 presented the categorical variables indicating that tasting NICookie and ICookie
tended to be most distant from each other. The circle suggests that correlations for numerical
variables emphasize that five negative emotion terms were negatively correlated with liking and
PI. Correlations between variables and the principal components were shown in Figure5.6(d). All
five negative emotion terms were correlated and highly associated with the first principal
component (PC1). The categorical variables (six video clips and four treatments) accounted for
the correlations with the second principal component (PC2) testing conditions. Liking and PI
presented more correlation to PC2, and negatively correlated with PC1.
Table 5.13. Eigevalues and the Variance from PCA mixdata for Negative Facial Emotion
Expression
Eigenvalue
Proportion
Cumulative
dim 1
2.9081482
29.081482
29.08148
dim 2
1.6894999
16.894999
45.97648
dim 3
1.0156461
10.156461
56.13294
dim 4
1.0043224
10.043224
66.17617
dim 5
0.916257
9.16257
75.33874
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Figure 5.6 Results of Negative Facial Emotion Expression PCA mixdata Analysis
For SSE facial emotion expression, the first principal component explained 48.4%, and the
second one with 10.8%, making up a total of 59.2% (Table 5.14). The levels map in Figure 5.7
presents the categorical variables indicating that tasting ICookie and informing the existence of
insect protein tended to be most characterized by Vs1 without cookies. The circle suggests that
correlations for numerical variables emphasized that five SSE emotion terms were positively
correlated with liking and PI secores. In Figure5.7(d), five SSE emotion terms were correlated
with each other and highly associated with each other the first principal component (PC1). The
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categorical variables (six video clips and four treatments) were account for the correlations with
the second principal component (PC2). Liking and PI presented a high correlation to SSE
emotion intensity.
Table 5.14. Eigevalues and The Variance from PCA mixdata for SSE Facial Emotion Expression
Eigenvalue
Proportion
Cumulative
dim 1
4.843393
48.43393
48.43393
dim 2
1.0752247
10.752247
59.18618
dim 3
1.0022021
10.022021
69.2082
dim 4
0.9993253
9.993253
79.20145
dim 5
0.8368204
8.368204
87.56965
(b) Levels
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Figure 5.7 Results of SSE Facial Emotion Expression PCA mixdata Analysis
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5.3.5. Purchase Intent Influenced by Other People’s Facial Emotion Expression
Logistic multiple regression for positive, negative and SSE facial emotion expression was
conducted to evaluate the relationship among demographic information, emotion term intensity
and liking scores, as shown in Table 5.15. Initial models included categorical data: gender, age,
race, and treatment numerical data: 5-point five emotion intensity and 9-point liking scale. The
stepwise selection procedure was used in all three models to obtain authentic variables, and the
results are listed in Table 5.15. The 9-point liking scores were found to be significant in all
regression models.
Table 5.15. Summary for Logistic Multiple Regressions of Purchase Intent
Positive
Pr(>Chi)
Negative Pr(>Chi)
SSE
Pr(>Chi)
Liking
< 2.2e-16 *** Liking
< 2.2e-16 *** Liking
< 2.2e-16 ***
Friendly
0.453
Bored
0.03256 *
Energetic 3.73E-06 ***
Glad
0.006
** Unsafe
0.008271 ** Race
0.01345 *
Treatment 0.021
*
Race
0.078664 .
Age
0.000
***
*Variables were considered significant when Pr(>Chi) was <0.05.
Consumers’ likings highly affected the purchase intent in all models (<0.001); when
increasing liking by 1 point, the purchase intent for other people’s positive, negative and SSE
facial emotion expression would be six times, five times and ten times higher for “yes” response.
In general, SSE models explain more variance than the positive and negative models (54.3%,
46%, 62.6%, respectively).
After perceiving other people’s positive facial expressions, the intensity of emotion “glad”
increased by one point, resulting in a more than two times higher chance of “yes” response.
Estimated odds for PI= “yes” were seven times higher for consumers aged 26 to 35 compared to
age over 65. This result agreed with Oldervak et al., study (2018), younger people were more
open to trying food containing insects. In a negative model, emotion intensity of “bored”
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significantly affected purchase intent; the lower intensity of “bored” the higher the “yes”
response in PI. Stimulated by SSE video, odds of PI would be about two times higher for “yes”
when “enthusiastic” and “interested” intensities increased by one point. Race “Asian” showed a
large effect on PI odds, 9.8 times higher than “American African”. Due to cultural differences,
the Asian and African populations were considered more open to the entomophagy concept
(Yen, 2015; Van Huis et al., 2013). However, Hittner & Swickert (2006) found male Caucasians
to seek more challenging activities. Preliminary studies (Sogari et al., 2019; Ruby et al., 2015)
found that younger males in Western countries were more willing to try food products containing
insect protein.
Table 5.16. Odds Ratios Estimates of Predictive Logistic Regression for Three Emotion Facial
Expression
PI_Positive
Predictors
Estimate Odds Ratios CI
p
(Intercept)
-12.36
0
0.00 – 0.00 <0.001
Liking
1.80
6.07
4.13 – 9.35 <0.001
Friendly
-0.54
0.58
0.31 – 1.07 0.087
Glad
0.93
2.54
1.32 – 5.07 0.006
Treatment [ICookie_Info] 0.16
1.18
0.58 – 2.42 0.651
Treatment [NICookie]
-0.73
0.48
0.24 – 0.94 0.034
Age26-35
1.94
6.97
2.74 – 19.35 <0.001
Age36-45
0.13
1.14
0.42 – 3.34 0.798
Age46-65
-0.04
0.96
0.26 – 4.10 0.952
2
R Tjur
0.543
PI_Negatvie
Predictors
Estimate Odds Ratios CI
p
(Intercept)
-10.04
0
0.00 – 0.00 <0.001
Liking
1.67
5.34
3.98 – 7.44 <0.001
Bored
-0.68
0.51
0.31 – 0.81 0.005
Unsafe
0.65
1.91
0.98 – 4.14 0.08
Race [Asian]
-0.48
0.62
0.25 – 1.50 0.293
Race [Caucasian]
0.07
1.08
0.51 – 2.25 0.848
Race [Hispanic/Latino]
0.49
1.64
0.62 – 4.43 0.324
Race [Other]
1.12
3.08
0.93 – 10.79 0.07
2
R Tjur
0.46
(table cont’d.)
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PI_SSE
Predictors
Estimate Odds Ratios
(Intercept)
-17.54
0
Liking
2.32
10.21
Active
-0.67
0.51
Enthusiastic
0.79
2.21
Interested
0.57
1.77
Race [Asian]
2.28
9.8
Race [Caucasian]
1.17
3.22
Race [Hispanic/Latino] -0.81
0.45
Race [Other]
-1.50
0.22
2
R Tjur
0.681

CI
0.00 – 0.00
5.15 – 24.09
0.25 – 0.97
0.97 – 5.34
0.83 – 3.95
1.75 – 66.57
0.76 – 14.86
0.09 – 2.11
0.02 – 2.00

p
<0.001
<0.001
0.053
0.069
0.147
0.013
0.12
0.318
0.177

5.4. Conclusion
Other people’s emotional expressions influenced consumers’ attitudes towards food
containing insect protein. The two affective dimensions of valence and arousal showed that when
consumers perceived positive emotion from other people, their internal emotion feeling raised on
both valence and arousal dimensions, whereas negative emotion stimuli had the opposite effect.
Sensation seeking emotion elicited higher arousal intensity compared to positive stimuli. The
liking scores and emotional intensity in each emotion category (positive, negative, SSE) were
highly related to consumers’ purchase intent. In positive stimuli, consumers rated higher liking
scores and purchase intent toward cookie containing insects. On the other hand, under the SSE
stimuli, consumers rated lower on the liking and PI for cookie containing insects. In positive and
SSE stimuli, the selected emotions were positively correlated with liking and PI, while they were
negatively correlated for negative stimuli. Males compared to females rated the cookie
containing insect protein higher on positive emotion intensity, liking and PI. In this study, we
recruited participants on LSU campus, which led to a skew toward the younger, Caucasian
population, which may affect the predicting models.
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CHAPTER 6. CONCLUSIONS
Entomophagy is a promising solution for future global food security, because of its
nutritional value, high growth rate, short lifespan, high feed conversion rate, thrive at a high
density, and low price. To further utilize the benefit of edible insects, reducing reluctance to
insect consumption in Western countries becomes an urgent need. As edible insects are
becoming a booming research area, unfamiliarity, negative emotion, and food neophobia in
Western countries have captured scholarly attention. Finding appropriate methods for
entomophagy education and affective factors to reduce the negative perception of edible insects
is a promising way to more forward the concept of insect-as-food.
First, different presenting formats (text, picture and actual product) were used to find
consumers’ emotional responses, and three types of emotion were found from the responses by
principle component analysis. Insect-based food elicited lower positive and higher negative
emotional intensity. Furthermore, the addition of insects was also associated with increased
scores for sensation seeking-related emotion intensities, such as interested, adventurous, wild,
eager, enthusiastic and active. Significant differences between food containing insects and
without insects, were found in the picture presenting format but not in the actual food presenting
format. A higher frequency of positive (good, glad, happy, pleasant and satisfied) emotions and
sensation-seeking related emotions (wild and adventurous) was found in males compared to
females for the insect-based food according to all three presenting formats. Significant
differences were found between female and male consumers’ emotional intensity for food
containing insects when presenting with pictures. These results revealed that consumers’
emotional response towards insect-based food was affected by its presenting format. Presenting
an actual insect-based food helped to reduce the negative perception of edible insects, while
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presenting pictures of insect-based food brought stronger negative emotions. It provides
strategies to influence consumers’ choices and increase the perceived appropriateness of insectbased food. Emphasizing sensation-seeking related emotions for male consumers and providing
them a chance to evaluate actual insect-based food may attract some early adaptors.
Additional to the prior presenting formats, news of celebrity promoting entomophagy and
packaging were also presented to explore presenting formats’ influence on willingness to try,
acceptance and purchase intent. Actual insect-based food got significantly higher preference
scores than other formats, followed by the packaging of insect-based food product, while scores
for news of celebrity promoting entomophagy were slightly higher than text and picture
presenting formats but not statistically significant. Different information statements were used to
find an appropriate way to introduce edible insects. Among the five information statements
presented to the consumers, individual health and sustainability benefits led to a significant
increase in all preference scores, though not comparable to food without insects. Across the
information statements and presenting formats, a significant difference was found between text
and picture formats on the liking score for individual health benefit (prefer picture) and
acceptance for the percentage of insect powder (prefer text) used in the food. Additionally, males
showed significantly higher acceptance than females after being acknowledged sustainability
benefits of edible insects. The regression model for purchase intent presented that acceptance,
liking, race, presenting formats and information statements were significant factors to predict
purchase intent. Among all factors, the liking score had the strongest influence on purchase
intent, meaning one unit increase in liking led to a 65% increase in purchase intent. These results
can be valued for future entomophagy research as to what type of information statements should
be used or avoided.

103

Other people’s emotional expressions strongly influenced consumers’ attitudes towards
insect-based food products. In the next step, videos of other people’s emotional expressions to
influence consumers’ internal emotions when they eat insect-based food were analyzed to find
the relationship between emotion and their purchase decision. At the two affective dimensions of
valence and arousal, when consumers received positive emotion from others, their internal
emotion feeling raised on both dimensions; after receiving sensation-seeking related emotions,
they presented higher arousal intensity compared to positive stimuli, and as for negative stimuli
influenced by others, both valence and arousal intensity decreased. After receiving negative
stimuli, the willingness to try insect-based food dropped from 72% to 19%. Under positive
stimuli, consumers were willing to rate higher liking scores and were more likely to purchase the
insect-based food. Under sensation-seeking related emotion stimuli, active, enthusiastic, and
interested emotions were positively correlated with liking and purchase intent. Males compared
to females rated the insect-based food higher on positive emotion intensity, liking score, and
purchase intent. Applying positive stimuli to the consumers when they evaluate insect-based
food could bring a positive perception of entomophagy and increase future purchases.
Promoting entomophagy in Western countries will be a long journey; however, global
food security challenges make the efforts necessary. In general, this study demonstrated that
consumers’ attitudes towards insect-based food can be positively changed with positive external
stimuli, suitable presenting formats, and appropriate information statements. Although this
research explored relationships among emotion, presenting formats, information statements,
liking, and purchase intent for insect-based food, more research is needed to validate these
results from older consumers and other educational background.
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APPENDIX A. SUPPLEMENTARY MATERIAL FOR CHAPTER 3
A.1. Online Survey.
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A.2. Compusense® Ballot
Welcome to the LSU Sensory Services Lab

Press the 'Continue' button below
to begin the test.
Research Consent Form
I, _____________________, agree to participate in the research entitled “Consumer emotional
responses to chocolate-chip-cookie” which is being conducted by Witoon Prinyawiwatkul of the
School of Nutrition and Food Sciences at Louisiana State University Agricultural Center, (225)
578-5188. I understand that participation is entirely voluntary and whether or not I participate
will not affect how I am treated on my job. I can withdraw my consent at any time without
penalty or loss of benefits to which I am otherwise entitled and have the results of the
participation returned to me, removed from the experimental records, or destroyed. Eighty
consumers will participate in this research. For this particular research, about 5-10 minutes
participation will be required for each consumer.
The following points have been explained to me:
The reason for this research is to evaluate consumer emotional responses. The benefit that I may
expect from it is a satisfaction that I have contributed to solution and evaluation of problems
relating to such examinations.
The results of this study will not be released in any individual identifiable form without my prior
consent unless required by law.
The study has been discussed with me, and all of my questions have been answered. I understand
that additional questions regarding the study should be directed to the investigator listed above.
In addition, I understand the research at Louisiana State University AgCenter that involves
human participation is carried out under the oversight of the Institutional Review Board.
Questions or problems regarding these activities should be addressed to Dr. Michael Keenan of
LSU AgCenter at 578-1708.
Demographic information:
Gender

[ ] Female

[ ] Male
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--------------------------------------------------------------------------------------------------------------------Age (year):
[ ] 18-25
[ ] 26-35
[ ] 36-45
[ ] 45-65
[ ]>65
--------------------------------------------------------------------------------------------------------------------[ ] African American
[ ]Asian
[ ]Caucasian [ ]Hispanic/Latino [ ] Other
--------------------------------------------------------------------------------------------------------------------Awareness of Insects information:
Do you know that insects are consumed in many countries?
[ ] Yes
[ ] No
--------------------------------------------------------------------------------------------------------------------Do you know that insects are a good source of high-value protein?
[ ] Yes
[ ] No
--------------------------------------------------------------------------------------------------------------------Do you think insects protein are appropriate to introduce into food products?
[ ] Yes
[ ] No
--------------------------------------------------------------------------------------------------------------------Will you buy cookies with insects protein in it?
[ ] Yes
[ ] No
--------------------------------------------------------------------------------------------------------------------Please look two cookies in picture and answer the following question:
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This is a cookie made of whey protein. How would you emotionally feel about these cookies?
Not at all

Slightly

Moderately

Very much

Extremely

Adventurous

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Daring

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Disgusted

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Friendly

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Glad

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Good

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Guilty

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Happy

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Interested

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Joyful

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Pleasant

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Pleased

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Satisfied

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Unsafe

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5
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Warm

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Wild

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Worried
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------Would you purchase this cookie?
[ ] Yes
[ ] No
---------------------------------------------------------------------------------------------------------------------

This is a cookie made of 5% insect protein. How would you emotionally feel about these
cookies?
Not at all

Slightly

Moderately

Very much

Extremely

Adventurous

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Daring

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Disgusted

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Friendly

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Glad

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Good

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Guilty

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5
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Happy

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Interested

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Joyful

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Pleasant

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Pleased

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Satisfied

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Unsafe

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Warm

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Wild

[ ]1

[ ]2

[ ]3

[ ]4

[ ]5

Worried
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------Would you purchase this cookie?
[ ] Yes
[ ] No
--------------------------------------------------------------------------------------------------------------------Please read this information
Edible incest is rich in protein, fatty acid and micronutrients that may provide benefit to human
health. This cookie contains 5% incest protein.
How would you rate your overall liking of this cookies?
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

Dislike
Slightly

Neither Like
Nor Dislike

Like
Slightly

Like
Moderately

Like
Very much

Like
Extremely

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
1
2
3
4
5
6
7
8
9
--------------------------------------------------------------------------------------------------------------------Would you purchase this cookie?
[ ] Yes
[ ] No
---------------------------------------------------------------------------------------------------------------------

112

Please read this information
The production of edible insect protein requires little space, their feed conversion is efficient, and
therefore the eating of insects provides benefits in terms of sustainability.
How would you rate your overall liking of this cookies?
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

Dislike
Slightly

Neither Like
Nor Dislike

Like
Slightly

Like
Moderately

Like
Very much

Like
Extremely

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
1
2
3
4
5
6
7
8
9
--------------------------------------------------------------------------------------------------------------------Would you purchase this cookie?
[ ] Yes
[ ] No
---------------------------------------------------------------------------------------------------------------------
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APPENDIX B. SUPPLEMENTARY MATERIAL FOR CHAPTER 4
Research Consent Form
I, _____________________, agree to participate in the research entitled “Consumer emotional
responses to chocolate-chip-cookie” which is being conducted by Witoon Prinyawiwatkul of the
School of Nutrition and Food Sciences at Louisiana State University Agricultural Center, (225)
578-5188. I understand that participation is entirely voluntary and whether or not I participate
will not affect how I am treated on my job. I can withdraw my consent at any time without
penalty or loss of benefits to which I am otherwise entitled and have the results of the
participation returned to me, removed from the experimental records, or destroyed. Eighty
consumers will participate in this research. For this particular research, about 5-10 minutes
participation will be required for each consumer.
The following points have been explained to me:
The reason for this research is to evaluate consumer emotional responses. The benefit that I may
expect from it is a satisfaction that I have contributed to solution and evaluation of problems
relating to such examinations.
The results of this study will not be released in any individual identifiable form without my prior
consent unless required by law.
The study has been discussed with me, and all of my questions have been answered. I understand
that additional questions regarding the study should be directed to the investigator listed above.
In addition, I understand the research at Louisiana State University AgCenter that involves
human participation is carried out under the oversight of the Institutional Review Board.
Questions or problems regarding these activities should be addressed to Dr. Michael Keenan of
LSU AgCenter at 578-1708.
Demographic information:
Gender
[ ] Female [ ] Male
--------------------------------------------------------------------------------------------------------------------Age (year):
[ ] 18-25
[ ] 26-35
[ ] 36-45
[ ] 46-65
[ ]>65
--------------------------------------------------------------------------------------------------------------------[ ]African American [ ]Asian
[ ]Caucasian [ ]Hispanic/Latino [ ]Other
--------------------------------------------------------------------------------------------------------------------Different information statements:
1.Product description: “Chocolate chip cookie.”
Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3
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Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Dislike
Moderately Slightly

[ ]
1

[ ]
2

[ ]
3

[ ]
4

Neither Like Like
Nor Dislike Slightly

[ ]
5

[ ]
6

Like Very Like
Like
Extremely
Moderately much

[ ]
7

[ ]
8

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------2. Product description: “Chocolate chip cookie.”

Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------3. Product description: “Chocolate chip cookie containing insect protein powder.”
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Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------4. Product description: “Chocolate chip cookie containing insect protein powder.”

[Chocolate chip cookie with insect protein powder]

[Insect protein powder]

Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Would you like to purchase this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3
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Very much
[ ]4

Extremely
[ ]5

Like
Extremely

[ ]
9

--------------------------------------------------------------------------------------------------------------------5. Product description: “Chocolate chip cookie containing cricket protein powder. ”
Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

[ ]
1

Dislike
Very much

[ ]
2

Dislike
Moderately

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

[ ]
7

Like
Very much

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------6. Product description: “Chocolate chip cookie containing cricket protein powder. ”

[Chocolate chip cookie with cricket protein powder]

[Cricket protein powder]

Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5
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Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------7. Product description: “Chocolate chip cookie containing 5% cricket protein powder.”
Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------8. Product description: “Chocolate chip cookie containing 5% cricket protein powder.”

[Chocolate chip cookie with cricket protein powder]

[Cricket protein powder]

Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3
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Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------9. Product description: “Chocolate chip cookie containing 5% cricket protein powder, which
provides vitamin B, micro nutrient and all essential amino-acid.”
Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------10. Product description: “Chocolate chip cookie containing 5% cricket protein powder, which
provides vitamin B, micro nutrient and all essential amino-acid.”

[Chocolate chip cookie with 5% cricket protein powder]
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[Cricket protein powder ]

Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------11. Product description: “Chocolate chip cookie containing 5% cricket protein powder, which
provides vitamin B, micronutrient and all essential amino-acid.
This product could also support food sustainability all over the world.”
Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------12. Product description: “Chocolate chip cookie containing 5% cricket protein powder, which
provides vitamin B, micronutrient and all essential amino-acid.
This product could also support food sustainability all over the world.”
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[Chocolate chip cookie with 5% cricket protein powder]

[Cricket protein powder ]

Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------13. Product description: “Chocolate chip cookie containing 5% cricket protein powder.”

Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3
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Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------14. Product description: “Chocolate chip cookie containing 5% cricket protein powder.”
“Two billion people eat insects worldwide. Angelina Jolie reportedly feeds her son crickets.”

Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5
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Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
--------------------------------------------------------------------------------------------------------------------15. Product description: “Chocolate chip cookie containing 5% cricket protein powder.”
Now, please slice the booth door, and based on your visual perception, answer the following
question:
Will you try this product?
Not at all
[ ]1

Slightly
[ ]2

Moderately
[ ]3

Very much
[ ]4

Extremely
[ ]5

Based on the above description, would you eat this product.
Dislike
Extremely

Dislike
Very much

Dislike
Moderately

[ ]
1

[ ]
2

[ ]
3

Dislike
Slightly

[ ]
4

Neither Like
Nor Dislike

[ ]
5

Like
Slightly

[ ]
6

Like
Moderately

Like
Very much

[ ]
7

[ ]
8

Like
Extremely

[ ]
9

Would you like to purchase this product?
Not at all
Slightly
Moderately
Very much
Extremely
[ ]1
[ ]2
[ ]3
[ ]4
[ ]5
---------------------------------------------------------------------------------------------------------------------
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APPENDIX C. SUPPLEMENTARY MATERIAL FOR CHAPTER 5
C.1. First Questionnaire
Consent form
Welcome to the LSU Sensory Services Lab
Press the 'Continue' button below to begin the test.

I,

, agree to participate in the research entitled “Consumer perception of other people's

emotion” which is being conducted by Witoon Prinyawiwatkul of the School of Nutrition and
Food Sciences at Louisiana State University
Agricultural Center, (225) 578-5188.
I understand that participation is entirely voluntary and whether or not I participate will not affect
how I am treated on my job. I can withdraw my consent at any time without penalty or loss of
beneﬁts to which I am otherwise entitled and have the results of the participation returned to me,
removed from the experimental records, or destroyed. One hundred consumers will participate in
this research. For this particular research, about 5- 10 minutes participation will be required for
each consumer.
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The following points have been explained tome:
The reason for this research is to evaluate consumer perceptions of other people's emotion. The
beneﬁt that I may expect from it is a satisfaction that I have contributed to solution and evaluation of
problems relating to such examinations.
The procedures are as follows: six videos with or without chocolate chip cookie will be presented
on the screen, and I will evaluate them by self-assessment manikin (SAM) methods and indicate
my evaluation on computer.
The results of this study will not be released in any individual identiﬁable form without my prior
consent unless required by law.
The investigator will answer any further questions about the research, either now or during the
course of the project.

The study has been discussed with me, and all of my questions have been answered. I understand
that additional questions regarding the study should be directed to the investigator
listed above. In addition, I understand the research at Louisiana State University AgCenter that
involves human participation is carried out under the oversight of the Institutional Review Board.
Questions or problems regarding these activities should be addressed to Dr. Michael Keenan of
LSU AgCenter at 578-1708. I agree with the termsabove.
If you agree to participate in this study, please type your name below.

Gender
Female.
Male
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Age
18-25
26-35
36-45
46-55
56-65
> 65

Race
African American
Asian
Caucasian
Hispanic/Latino
Other

Please, think about how you feel right now. From the list below select the
emotion descriptors that describe your feeling. Check all that apply.
Active
Adventurous

Glad
Good

Pleased
Polite

Affectionate

Good-natured

Quiet

Aggressive

Guilty

Satisﬁed

Bored

Happy

Steady

Calm

Interested

Tame

Daring

Joyful

Tender

Disgusted

Loving

Understanding

Eager

Merry

Unsafe

Energetic
Enthusiastic
Free
Friendly

Mild
Nostalgic
Peaceful
Pleasant

Warm
Whole
Wild
Worried

In this study, you will be watching seven very short videos (6 seconds each; no
sound). After each video, 2 sets of figures will be present as below. Please using
these figures to rate how you felt while viewing each video.
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Unhappy--Happy

(Unhappy, annoyed, unsatisﬁed, despaired, bored) vs.

(Happy, pleased, satisﬁed, contented, hopeful)

Calm--Excited

(Calm, relaxed, dull, sleepy, unaroused)

vs.

(Excited, stimulated, frenzied, wide-awake, aroused)

Please watch the following videos and then answer questions below.

Please click the "Play" button and watch this video (no sound).
How does this video make you feel? Please rate the video on two dimensions
Unhappy—Happy

-4
-3
Calm--Excited

--4

-3

-2

-2

-1

0

-1

0
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1

1

2

2

3

3

4

4

Please click the "Play" button and watch this video (no sound).

How does this video make you feel? Please rate the video on two dimensions
Unhappy—Happy

-4
-3
Calm--Excited

-2

-1

0

1

2

3

4

-4

-2

-1

0

1

2

3

4

-3

Please click the "Play" button and watch this video (no sound).

How does this video make you feel? Please rate the video on two dimensions
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Unhappy—Happy

-4
-3
Calm--Excited

-2

-1

0

1

2

3

4

-4

-2

-1

0

1

2

3

4

-3

Please click the "Play" button and watch this video (no sound).

How does this video make you feel? Please rate the video on two dimensions
Unhappy—Happy

-4
Calm--Excited

-4

-3

-2

-1

0

1

2

3

4

-3

-2

-1

0

1

2

3

4
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Would you like to eat the cookie in this video?
Yes

No

Please click the "Play" button and watch this video (no sound).

How does this video make you feel? Please rate the video on two dimensions
Unhappy—Happy

-4
-3
Calm--Excited

-2

-1

0

1

2

3

4

--4

-2

-1

0

1

2

3

4

-3

Would you like to eat the cookie in this video?
Yes

No

Please click the "Play" button and watch this video (no sound).
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How does this video make you feel? Please rate the video on two dimensions
Unhappy—Happy

-4
-3
Calm--Excited

-4

-3

-2

-2

-1

0

-1

1

0

2

1

3

2

4

3

4

Would you like to eat the cookie in this video?
Yes

No

Do you like to eat cookies?
Yes

No

In next video, you will be watching two people eat a cookie containing cricket
protein.
Would you eat a cookie containing cricket protein?
Yes

No
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Please click the "Play" button and watch this video (no sound).
[Three videos were showed evenly with balanced design]

How does this video make you feel? Please rate the video on two dimensions
Unhappy—Happy

-4
-3
Calm--Excited

-4

-3

-2

-2

-1

0

-1

1

0

Would you like to eat the cookie in this video?
Yes

No
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2

1

3

2

4

3

4

Second Questionnaire
Consent form
Welcome to the LSU Sensory Services Lab

Press the 'Continue' button below to begin the test.
I,

, agree to participate in the research entitled “Consumer emotional responses” which is

being conducted by Witoon Prinyawiwatkul of the School of Nutrition and Food Sciences at
Louisiana State University Agricultural Center, (225) 578-5188. I understand that participation is
entirely voluntary and whether or not I participate will not affect how I am treated on my job. I can
withdraw my consent at any time without penalty or loss of beneﬁts to which I am otherwise
entitled and have the results of the participation returned to me, removed from the experimental
records, or destroyed. Eighty consumers will participate in this research. For this particular
research, about 5-10 minutes participation will be required for each consumer.

The following points have been explained to me:
The reason for this research is to evaluate consumer emotional responses. The beneﬁt that I may
expect from it is a satisfaction that I have contributed to solution and evaluation of problems
relating to such examinations.
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The procedures are as follows: two video clips will be presented on the screen, four samples will
be presented, and I will evaluate them by normal standard methods and indicate my evaluation
on a computer ballot. All procedures are standard methods as published by the American Society
for Testing and Materials and the Sensory Evaluation Division of the Institute of Food
Technologists.
The results of this study will not be released in any individual identiﬁable form without my prior
consent unless required by law.
Participation entails minimal risk: The only risk may be an allergic reaction to chocolate,
shellﬁsh, whey protein and wheat. However, because it is known to me beforehand that the
above-mentioned foods and ingredients are to be tested, the situation can normally be avoided.
The investigator will answer any further questions about the research, either now or during the
course of the project.
The video in this study is for research purpose only, please do not take any pictures or record any
parts of the video.
The study has been discussed with me, and all of my questions have been answered. I understand
that additional questions regarding the study should be directed to the investigator listed above.
In addition, I understand the research at Louisiana State University AgCenter that involves human
participation is carried out under the oversight of the Institutional Review Board. Questions or
problems regarding these activities should be addressed to Dr. Michael Keenan of LSU AgCenter
at 578-1708.

Gender
Female.
Male
134

Age
18-25
26-35
36-45
46-55
56-65
> 65

Race
African American
Asian
Caucasian
Hispanic/Latino
Other

Please take a few seconds to think about how you are feeling right now and rate
the following emotions accordingly.

Please watch the following videos and answer the questionsbelow.
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After watching this video, how are you feeling? (Please choose one)
Positive

Negative

Exited/ Eager/ Enthusiastic

How do you feel after watching this video?

Please pick up sample 427 and taste it.
Have unsalted crackers and water to cleanse your palate between samples. How would you
emotionally feel after tasting this cookie.

How do you like cookie 427?
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Would you like to purchase cookie 427?
Yes

No

Please pick up sample 015 and taste it.
Have unsalted crackers and water to cleanse your palate between samples.
How do you feel after tasting this cookie?

How do you like cookie 015?

Would you purchase cookie 015?
Yes

No

This cookie 015 contains 5% cricket protein.
How do you feel after tasting this cookie?
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How do you like cookie 015?

Would you purchase cookie 015?
Yes

No

Knowing that consumption of insect will support global sustainability, would
you purchase cookie 015?
Yes

No

Please watch the following videos and answer the questionsbelow.

After watching this video, how are you feeling? (Please choose one)
Positive

Negative

Exited/ Eager/ Enthusiastic

How do you feel after watching this video?

Please pick up sample 674 and taste it.
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Have unsalted crackers and water to cleanse your palate between samples.
How do you feel after tasting this cookie?

How do you like cookie 674?

Would you purchase cookie 674?
Yes

No

This cookie 674 contains 5% cricket protein.
How do you feel after tasting this cookie?

How do you like cookie 674?

Would you purchase cookie 674?
Yes

No
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Knowing that consumption of insect will support global sustainability, would
you purchase cookie 674?
Yes

No

Please pick up sample 338 and taste it.
Have unsalted crackers and water to cleanse your palate between samples.
How do you feel after tasting this cookie?

How do you like cookie 338?

Would you purchase cookie 338?
Yes

No

[Negative and SSE questionnaire were equally presented with different videos
(as below), emotion intensity (as table below), and same questions]
Negative:
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SSE:
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